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ABSTRACT 
Echinococcus granulosus is one of the most important 
zoonotic parasite of tropical and sub-tropical countries. The 
adult parasite infects dogs and other canines, whereas herbivorous 
and omnivorous animals serve as intermediate host. Human beings 
may also accidentally harbour the infection due to the close 
contact with dogs. In man and other intermediate hosts the larvae 
cause "Hydatid cyst" or "Hydatidosis". Different strains of this 
parasite have been reported from different host as well as from 
various geographical regions. Despite the enormous significance of 
this disease in India, no comprehensive study has been 
accomplished in order to provide the basic data which could be 
utilized for designing any effective control programme. 
In the present thesis, some aspects of epidemiology, 
developmental biology, pathobiology and biochemistry of the 
larval and adult E. granulosus have been investigated. Major 
emphasis was given to characterize the parasite material isolated 
from buffalo liver and lung hydatid cysts. The review of 
literature indicate that in most of the previous studies the 
parasite isolated from different hosts were taken into considera-
tion and referred as different "Strains," but the habitat of the 
cysts was not taken into account. 
The present study was undertaken to find out the suitable 
intermediate host in this region of the country. Different 
biological and biochemical characteristics were investigated on 
the protoscoleces isolated from pulmonary and hepatic cysts to 
examine the influence of habitats. This study will provide the 
basic informations about the differences which exist as a result 
of biochemical adaptation and niche segregation. In addition to 
this, the biological and biochemical changes at the host-parasite 
interface throw light on the establishment of delicate host -
parasite relationship. Besides this, an attempt has been made to 
identify a pathophysiological marker for early diagnosis of 
infection, as well as the topographical and biochemical effect of 
various anthelmintics were also examined. 
The present work was carreid out in a moderately equipped 
laboratory and therefore, many relevant aspects could not be 
studied due to lack of facilities. 
Initially the prevalence rate of " hydatidosis" in human 
beings and livestock was investigated to find out the most 
suitable intermediate host. During the survey buffalo, sheep, 
goats, pigs and camels were found infected among which buffalo had 
the highest prevalence rate (36.53%) with higher degree of 
viability. The incidence and fertility rate were also found to 
vary with the habitat. Maximum infection as well as fertile cysts 
were observed in lungs of buffalo. The rate of fertility and 
volume of larvae increases with the diameter of the cysts. The 
frequency distribution of the hydatid cysts in each intermediate 
host was overdispersed. The results indicate that the cysts were 
not overdispersed at random but only few animlas harbour most of 
the cysts. As fdr as the condition (fertility and viability) of 
the cysts is concerned, no density dependent effect could be 
demonstrated. 
It is evident from this study that buffalo is the most 
suitable intermediate host in this region of the country, while 
other livestock play a minor role in the perpetuation of the life 
cycle. Thus, it is concluded on the basis of increased prevalence, 
fertility, viability and buffalo/dog association around the 
slaughterhouses and in residential areas that buff a? "^ /dog cycle is 
operative in this region. The other livestock may be an incidental 
or alternative host because of the low prevalence and increased 
sterility. The calculated economic loss from a single abattoir and 
the prevailing epidemiological factors lead to suggest some 
control measures related to animal and slaughterhouse management. 
As fdr as prevalence on human hydatidosis is concerned, it 
was observed that the incidence is higher in the eastern as 
compared to western districts. During the survey, it was noticed 
that liver is the most preferred site of infection in man. The 
data also reflect some degree of correlation with the sex and age. 
Apparently, the Hindus are more infected than Kuslims, but this 
difference can not be considered because of the population 
differences. An attempt has also been made to explain the human 
hydatidosis on the basis of population density, socio - economic 
condition, literacy rate, human behavioural traits and street dog 
population. Finally the feed back obtained from the questionaire 
distributed among the various sections of the polulation about the 
awareness of this disease. The most surprising feature is the 
ignorance about the disease by the meaical students. The possible 
reason is due to inadequate emphasis on human helminthic infection 
in their curriculum. 
In addition to above mentioned studies, an attempt has also 
been made to monitor the influence of habitat on the development 
of adult parasite. For this study the protoscoleces isolated from 
the pulr^ onary and hepatic cysts are allowed to develop separately 
in a common habitat (intestine of experimental puppies). The rate 
of segmentation, morphogenesis and maturation process were 
compared betweem the two isolates. Besides this, the biochemical 
composition, enzyme turnover, and protein polymorphism of the 
larvae and adult parasite were also investigated. 
It is evident from the in vivo development of lung and liver 
isolate$^ that the liver isolates lag behind the lung isolates in 
various st.ige of segmentation and maturation and takes two days 
longer to produce shelled eggs. However, in the early phase of 
growth and segmentation, no marked difference was noticed. 
The results of biochemical composition indicate that the 
protoscoleces of pulmonary and hepatic cysts varied significantly. 
The protoscoleces of lung origin has significantly more glycogen 
and RNA, wherease low lipid content than the liver isolates. 
Quantitative differences were also noticed in the phospholipid 
fraction. Phosphatidylcholine was found significantly higher in 
the lung while lysophosphatidylcholine in liver isolates. 
In addition to biochemical differences, both the isolates 
also differ in their protein profile analyzed by rLEFriand SDS-
THG5^ 
gradient PAGE. In total 5 characteristic polypeptides with 
different isoelectric points (pi) were identified in each 
isolates, although the total number remain the same. In SDS-
gradient PAGE, the number of total and characteristic polypeptides 
also show differences in liver and lung isolates as v/ell as in 
CBBR-250 and silver stained gels. In CBBR-250 staining a total of 
35 and 38 polypeptides were resolved in liver and lung isolates 
respectively, with 3 characteristic polypeptides of 47 KD , 30 KD 
and < 14.4 KD. However, by silver staining 47 and 50 polypeptides 
were resolved in liver and lung isolates respectively. In the lung 
isolates 5 characteristic polypeptides of molecular weight 105 
KD, 150 KD, 205 KD and two > 205 KD were observed, while in liver 
isolates 52.5 KD proteins was specific. The differences in the 
CBBR-250 and silver staining is due to the sensitivity of the dye. 
It can be concluded on the basis of differences observed in 
the developmental pattern, biochemical composition and proteins 
profile, that the liver and lung material of buffalo either 
represent two different biological variants or the differences 
were due to influence of habitats. In order to ascertain this 
hypothesis, the biochemical composition of adult parasite 
developed from the protoscoleces of buffalo liver and lung cysts 
were investigated. For this study different developmental stages 
(16, 24, 32 and 40 days old) were selected. 
It is evident from the results that different developmental 
stages of the two isolates did not show any marked variations in 
their biochemical components except at 4 0 day stage, where 
differences were noticed only in the level of glycogen and 
proteins, possibly due to variation in egg shell fornation. Thus, 
it is emphasized that the microenvironment of the host has a 
profound influence on the biochemistry of the parasite, because 
when the protscoleces of liver and lung origin are developed in a 
common physico-chemical conditions (dog intestine), these 
differences were minimized. Hence it is now clear that the 
variation in biochemical components is due to the influence of 
microenvironments. 
The other important feature observed in the present study 
was the biochemical, enzymatic and polypeptide turnover during the 
course of development of adult parasite in experimental dogs, it 
was observed that there was a sharp decline in various biochemical 
compnents in early phase of development, while in the later phase 
an increasing trend was noticed. These changes are related with 
the organogenesis and maturation. Similar turnover was also 
observed in the level of various enzymes. During the course of 
development of E. granulosus, the level of GPT decreases, while 
GOT increases. 
In addition to biochemical and enzymatic turnover, the 
polypeptide profile was also found to be changed with respect to 
developmental stages. It was observed that during the course of 
development of protoscoleces, some new polypeptides appear while 
some disappear. Besides the common polypeptides, there are certain 
polyeptides which are either present only in one stage or shared 
by more than one stages. Such variations may be due to presence of 
stage specific genes which regulate the synthesis of stage 
specific polypeptides. These results indicate that different 
developmental stages require qualitatively different polypeptides 
and therefore exhibits molecular heterogeneity. Such stage 
specific heterogeneity in the polypeptide profile could be further 
exploited in the development of vaccine. 
The overall biochemical turnover phenomena reflect the 
preponderance of catabolic and anabolic processess associated with 
the development of the parasite, and indicate that most of the 
biochemical components remain in a dynamic state. 
Besides the above mentioned biological and biochemical 
heterogeneity among the protoscoleces of liver and lung origin, 
studies were also carried out on the morphological and 
physiological changes, associated with the development of this 
parasite in experimental definitive and intermediate hosts. 
In the definitive host, the parasite mode of attachement to 
the host tissue resulted into formation of plug like structure due 
to the engulfing of host tissue, increased necrosis and 
hypertrophy in the affected tissue. These effect^ gradually increase 
with the passage of time. Besides this, increased infilteration of 
monocyte, neutrophils, macrophages, fibroblast and plasma cells 
were noticed at the site of worm attachment in the early phase of 
infection. The cellular infilteration may be a consequence of host 
defense process involving CMI. The loss of surface area of 
parasitized intestinal villi was also observed by histological 
examination. 
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In addition to the changes associated with the host, some 
changes were also observed in the organization and distribution of 
surface microtriches by scanning electron microscopy. In the 
protoscoleces only filamentous types of microtriches were confined 
to the scolex region, while in the adult (40 days old) they are 
found all over the body. The microtriches in adult worms show 
polymorphism and characterized as long filamentous, thin and thick 
blade like, which are confined in the scolex, interproglottidal 
region and on the surface of mature and gravid segment 
respectively. Besides this, the tegumental thickness also differ 
between 36 and 40 days old worms. In addition to this, certain 
specialized glandular cells were also noticed but their chemical 
nature was not ascertain in the developing worms. These 
developmental changes help in establishing the host - parasite 
relationship during the transformation of parasite from 
intermediate to definitive host. 
The results of the cross transmission experiment reveal that 
the freshly shed eggs of E. granulosus are infective to goats, 
where liver was found as the most preferred site for the 
development of cyst. The slow growth rate and sterile nature of 
the cysts indicate that goat may not be a suitable host for 
buffalo/dog material or the parasite represent a different strain 
(buffalo strain). Further, histological differences were also 
noticed particularly in the thickness of adventitious and 
laminated layers of the experimentally developed hydatid cysts in 
goats. However, this difference become more prominant with respect 
to the habitats (liver and lung) . This may be due to the 
differences in the physico-chemical nature of the habitats. 
In order to find out the pathophysiological marker of 
infections, various serum enzymes were investigated. The increased 
levels of SCOT, LDH and AlPase during the early phase of infection 
can be used to ascertain the establishment of experimental 
infection. Besides this, there was also a signifi cant decrease 
in AlPcise level during the later phase of infection, which can be 
used as a marker under field conditions. In addition to this, 
serum albumin level gradually decreases, while globulin level 
increases with the passage of time. 
The results of the haemotological changes (RBC, TLC & DLC, 
PCV, Hb, MCHC and MCV) during the course of development of E. 
granulosus reveal that most of the changes were non-specific type 
and therefore can not be used for diagnostic purpose. 
Finally the topographical and biochemical effects of various 
drugs belonging to different groups on protoscoleces were invest-
igated under in vitro conditions. It was observed that differnt 
drur- ice variable effects on tegumental surface and on 
<• 3 uptake. The degree of topographical damage caused by the 
drugs was in the following order: clorsulon > monensin > closantel 
> rafoxanide > nitroxynil. These drugs produce varying degree of 
shrinkage, deep craters, lesions, peeling of tegument, coagulation 
of surface syncitium, cracking and removal of microtriches. These 
topographical damages may lead to variety of secondary metabolic 
and physiological changes in the worm. In addition to this, 
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various drugs induces appreciable distruptive effects on the 
carbohydrate metabolism of the protoscoleces. Different drugs like 
mebendazole, fenbendazole, bithional and clorsulon cause 
significant inhibition, while nitroxynil cause significant 
stimulation in the glucose uptake. As far as the mode of 
transmembranosis of glucose is concerned, the radiolabelled 
glucose uptake was monitored at varied concentrations and the 
results indicate that uptake is the combination of mediated 
transport with the involvement of diffusion component. 
Whatever little work presented in this thesis, clearly 
reveal that the habitat play an important role in the metabolism 
of the parasite which ultimately lead some degree of variation. 
Thus, it is emphasized that in future studies the habitat should 
be taken into consideration in order to explain biological varia-
tions. Undue emphasis on variations and assigning the status of 
the parasite as different "strains" may require support by 
genetic probing. 
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INTRODUCTION AND STATEMENT OF PROBLEM 
India is basically an agricultural country covering an area 
of over 3.38 million sq. km. The livestock contributes significa -
ntly in the economy of this country. According to 1982 census, 
India has 191 million buffaloes (which is nearly half of the total 
world's buffalo population), 69 million sheep and 138 million 
goats (constituting about one sixth and one half respectively of 
their total world population) and over 10 million pigs (Anon, 
1986). In India buffaloes and cattle generate 32% of the energy 
requirements for the rural economy (Odend'hal, 1972). Besides 
this, these animals provide meat, milk, skin, hide, and dung for 
fuel and manure. Nearly 90% of the male cattle and buffaloes work 
as draught animals, being used for ploughing, drawing water from 
the wells and for transportation. Their share in the total input 
in crop cultivation is from 8 - 42% and hence cattle are given 
more importance in our agararian society. Quality and quantity of 
cattle not only raises the social status of the Indian farmers but 
also improves their economic conditions.lt was estimated during 
1984-85, that the animal husbandry generated Rs. 108,640 million 
which was roughly 18% of the total agricultural output. India 
alone produces, 134,000 million tons of meat and 2070,030 million 
tons of milk (Anon, 198 6) . The dairy products are an important 
source of nourishment to which buffaloes contribute more than 58% 
of milk though they form only 30% of the total bovine (cattle and 
buffalo) population (Acharya, 1988). Further, sheep and goats also 
contribute significantly to our economy. In western India camels 
are used in agriculture as well as in transportation. The total 
wool production from sheep farming in this country was estimated 
as about 38.4 million kg during 1984-85. Sheep wool is also used 
in the carpet industry which helped in raising the economy from 
Rs, 132.8 million in 1968-69 to over Rs. 2,000 million during 
1983-84 (Anon, 1986) . The foregoing data clearly highlight the 
importance of the livestock in our economy. Therefore, economists 
and animal scientists emphasize selective breeding and effective 
animal management to increase the production of milk, meat, wool 
and improve draught animal power. However, animals can be utilized 
to their maximum potential only if equal attention is paid to 
their health through eradication or control of diseases. 
Despite their importance, the tropical livestock producti-
vity is quite low as visualized by Pino (1981). This is because of 
neglected management and poor health of animals due to various 
factors, among which parasitic diseases is a major cause. Besides 
viral, bacterial and protozoan, a wide array of helminths 
including those responsible for zoonosis cause heavy morbidity and 
mortalities of livestock during the epidemic outbreaks. In order 
to prevent losses incurred by such parasitic diseases, it is 
essential that we should protect our farm animals from these 
infections. 
Among various zoonotic diseases caused by helminths, "hydatid 
disease" or "hydatidosis" is one of the most important cyclo-
zoonotic disease of major economic and public health significance. 
The causative agent metacestode or cystic stage of the parasite 
belongs to the genus Echinococcus. Two species^ E. granulosus and 
E. multilocularis are mainly responsible for most of the cases of 
animal and human infection, although several other species are 
also known to occur. 
E. granulosus is a small, 3-4 segmented cyclophyllidean 
taeniid cestode of 2-6 mm in length. Dogs and other canines are 
the definitive hosts where adult worms inhabit the ileum region. 
The gravid segments containing fully developed hexacanths are 
passed out with the faeces and ingested by herbivorous and 
omnivorous animals like buffaloes, sheep, goats, camels, pigs and 
microtine rodents. Man may also become a victim due to close 
association with dogs. The hexacanth lodges itself in any organ 
and grow into cyst known as "hydatid cyst" (Fig. 1 and Plate I) in 
which the larval stage (protoscoleces) are produced by asexual 
reproduction. 
Hydatid cysts are of various types, like fertile (with 
larvae) , sterile (without larvae) and calcified (caseated). 
Fertile cyst has main significance in maintaining the life cycle, 
whereas the morbidity and pathological manifestations occur with 
all types of cysts. 
Hydatidosis is guite prevalent in domestic livestock and 
some epidemic outbreaks have been reported from different parts of 
India (Fig. 2). Mostly hydatid cysts exert the pressure and other 
space occupying effect on different vital organs causing pain and 
atrophy. The intense host inflammatory responses and degenerative 

Plate I. Hydatid cysts in various organs of buffalo. 
Figs. 
1. Hydatid cysts of liver. 
2. Hydatid cysts of diaphragm. 
3. Detached hydatid cyst, showing large number 
of developing daughter cysts. 
4. Isolated daughter cyst showing protoscoleces 
(arrow). 
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Fig. 2. Map of India showing location of hydatid 
surveys. 
changes have also been reported from various intermediate hosts. 
The public health importance of a disease is reflected not 
only due to its rate of mortality but morbidity also plays a 
significant role. The exact information about the actual economic 
losses caused by this disease is not available from India, 
whereas, some scattered reports are available from other 
countries. In Italy the annual economic loss due to hydatid 
disease in sheep and cattle has been evaluated as 18 and 7 million 
US $ respectively due to reduced quality of meat, milk, wool, 
retarded growth, decreased fertility and condemnation of infected 
meat (Arru et ajL. , 1984). Ramazanov et aX. (1978) estimated a 
total loss of 7% in milk production of animals suffering from 
hydatidosis from the former USSR. Since, the economic consequences 
due to hydatidosis in human beings are difficult to evaluate, 
therefore, very little information is available on this aspect. 
The economic and public health cost through hospitalization, 
medical and surgical fees, loss of income and productivity have 
been estimated to be 6 million US $ from Italy (Arru, et al. , 
1984) . It has also been reported that 60% of hydatid patients who 
had undergone surgical treatment are unable to resume normal 
working life for a period of about 4 months and 40% are unable to 
work even after 6 months (Schantz, 1972). Thus the losses due to 
hydatid disease are sufficient to rank it among the economically 
important zoonotic diseases. 
Hydatidosis being a zoonotic disease has not yet received 
due attention by the parasitologists working in the tropical 
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countries. Since, the estimated economic loss due to hydatid 
disease in man and livestock is considerable, therefore immediate 
attention is required to control this disease. Considering these 
facts various aspects of hydatid disease have been selected for 
the present study in order to provide the basic data for designing 
an effective control programme. 
For the eradication and effective control measure it is 
necessary to investigate the various epidemiological factors which 
determine the frequency and distribution of the disease. In India 
the actual epidemiological factors for the prevalence of this 
disease have rarely been examined. The variation in the prevalence 
of this disease in different intermediate hosts from various 
parts of the country reflect some important features like sample 
size, involvement of canine hosts and suitability of intermediate 
and definitive hosts, which have rarely been examined. Therefore, 
it is necessary to find out the various epidemiological factors 
which are resposible for the prevalence and transmission of the 
disease. This basic data will help in designing an effective 
epidemiological control measure by interrupting the mode of 
transmission. Thereafter, it becomes mandatory to find out the 
susceptibility of the definitive host (dogs) to the infective 
larval stages from intermediate hosts which could help in 
interpreting the possible life cycle pattern occuring in this part 
of the country. The infectivity of the material isolated from an 
intermediate host was monitored in experimental puppies. 
The other important characteristic of this parasite is the 
development of strains which make the problem of hydatidosis much 
more complicated. To date a large number of intraspecific variants 
or strains of E. crranulosus have been reported from various parts 
of the world involving different intermediate and definitive hosts 
(Thompson, 1986; Thompson and Lymbery, 1988; 1990 a,b). Strain 
characterization is particularly very significant for the 
development of an effective control programme since, each strain 
vary in its infectivity to domestic intermediate and definitive 
hosts as well as human beings, and also differ in its local 
pattern of transmission, pathogenecity, biochemistry and 
chemotherapy. Thus, the development of different £;trains of this 
parasite poses a serious problem in designing a single effective 
control programme. Therefore, characterization of strain becomes 
pre - requisite for an integrated control programme. 
Extensive studies have been carried out during the last 
decade on the problem of strain development of E. granulosus in 
Australia, U.K. and Kenya, where various strains and sub-strains 
have been identified from different hosts of various geographical 
regions (Thompson, 1977a; Kumaratilake and Thompson, 1982 a; 
Macpherson and McManus, 1982; Thompson and Kumaratilake, 1982). 
Besides this, the genetic heterogeneity has been reported in the 
matacestode of E. granulosus isolated from different hosts and 
even from different cysts of the same host (Lymbery and Thompson, 
1989) . In all previous studies the significance of the habitat has 
been ignored. The habitat could exert an influence which may 
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account for the differences in the biology, biochemistry, 
physiology and other metabolic activities of the parasite, that 
leads to differentiation in the form of variants. However, it is 
possible that the origin of the cysts from different organs of the 
same host may also be responsible for such variations. Keeping 
this fact in mind the present study was undertaken in which the 
metacestode from two different habitats (liver and lung) of the 
same host (buffalo) were characterized by studying their 
developmental biology, biochemical composition and protein 
polymorphism. In addition to this, biochemical and polypeptide 
turnover were also investigated during the course of development 
of this parasite in experimental puppies. 
It is an established fact that for the designing of an 
effective chemotherapeutic or immunological control measure a 
clear understanding of host - parasite relationship is needed. In 
this context Read (1972) has pointed out that in order to 
understand such relationship, the two organisms should not be 
considered as separate entities but as single biological unit. 
During the successful establishment of the parasite in their 
habitat, a chain of dynamic interaction particularly pathophysio-
logical and immunological events occur at the host parasite 
interface. The parasite induced pathological events at the 
interface would provide an insight in the disease manifestation. 
Therefore, investigation on some diagnostic pathological markers 
are needed which will be certainly helpful in early diagnosis of 
infection because the existing diagnostic procedures are either 
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not reliable or time consuming and uneconomical. 
Due to the lack of an effective chemotherapeutic agent, 
surgery remains the only alternative which often ineffective in 
alveolar hydatid cysts. There is some agreement thctt chemotherapy 
would be most helpful in some inoperable cases by blocking the 
proliferation of the parasite and thereby inhibiting the 
recurrence of the disease. Therefore, there is an urgent need to 
find out an effective chemotherapeutic agent against this parasite 
by rational approach which could be used at mass level. In the 
present study the efficacy of various anthelmintics belonging to 
different groups have also been studied. 
Finally the identification of various epidemiological 
factors including socioeconomic conditions of population and the 
disease dynamics in a particular geographical area are required 
for an effective control programme by any appropriate method. Thus 
the main objectives of epidemiology are similar to those of 
ancient Greek medicine, described by Hippocrates in his book 
"Epidimics" as "declare the past, diagnose the present and 
foretell the future" (Jones, 1923). This goal can only be achieved 
if the Indian parasitologists develop a parallel programme of 
disease awareness, to educate the masses as carried out in Kenya. 
Therefore, some aspects of hydatidosis have been 
investigated to collect the basic data which can be used for 
designing an integrated control programme. 
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HISTORICAL REVIEW 
In recent years considerable attention has been paid to 
hydatid disease, particularly in Europe and Australia, but unfor-
tunately little work has been carried out in the developing 
countries. A large number of case reports are available from 
various countries of the Indian subcontinent. Inspite of this, no 
comprehensive work has been done so far. Recently, this disease 
has developed new dimensions due to development of new strains. 
Today parasitologists are trying to solve this problem by 
employing modern tools of hybridoma and rDNA technology. 
Hydatidosis is a zoonotic disease caused by the cystic stage 
of cyclophyllidean cestode, belonging to the genus Echinococcus• 
Two common species have been recognised, namely, E. granulosus and 
E. multilocularis which produce unilocular and multilocular 
cysts respectively. However, a number of other species and sub-
species have also been reported (see review Verster, 1965). 
Review of available literature reveals that this disease is 
quite prevalent throughout the world (Thompson 1977 b; Mattossian 
et ai., 1977; Kumaratilake and Thompson, 1982 b; Macpherson, 1985; 
McManus et al. . 1985; Rausch,1986; Schwabe, 1986; Thompson and 
Allsopp, 1988). These reports indicate that hydatidosis is now 
spreading to those areas which were previously unaffected. A 
number of epidemiological factors responsible for the prevalence 
of this disease have been exhaustively discussed by (Gemmell, 
1990). 
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I. PREVALENCE OF HYDATIDOSIS IN LIVESTOCK: 
A number of domestic and wild animals serve as intermediate 
hosts for E. granulosus. Literature survey reveals that hydati-
dosis is quite prevalent in our livestock. Deka et ai. (1983) 
have reported the prevalence rate as 7.6% in cattle, 8.9% in 
buffalo, 5.1% in sheep and 2.8% in goats from Ludhiana (Punjab). 
The posti^prtem examination revealed that in Ludhiana maximum 
mortality of buffalo was due to hydatidosis (Gupta et a^ l. , 1978) . 
Gupta and Singh (197 5) have reported that a 7 year old female 
buffalo died due to heart failure caused by massive development 
of several thousand secondary cysts in the pleural cavity followed 
by rupture of primary lung cysts. In Bangalore, the prevalence 
rate was reported by Hedge et al. (1975) as 53.8% in cattle, 
while Rao and Mohiyuddin (1976) have reported the prevalence rate 
as 40% and 62.3% in buffaloes and cattle respectively. Contrary to 
this, low prevalence of hydatidosis in sheep and goats have been 
reported by many workers from different parts of the country. 
Verma (1978) has reported 4.6% infection in sheep and 3.0% in 
goats. From Jaipur and Patna 2.3% and 8.3% infection in sheep, 
5.8% and 6.9% in goats have been reported respectively (Mathur and 
Khanna 1977; Prasad and Prasad, 1980). Rana et al,. (1986) have 
recorded 18.5% infection in sheep from Delhi. The lowest 
prevalence rate in sheep (2.6%) and goats (1.1%) have been 
observed from Trichur (Abraham et al. , 1980 a) , while highest 
prevalence rate from Kurnool (Reddy et al. , 1968). Few reports 
are also available from India on the hydatidosis in pigs and 
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camels (Sadana and Kalra, 1978; Gupta,1979; Lodha and Raisinghani, 
1980; Prasad 1981; Prasad, et ai., 1985). In pigs the prevalence 
rates were reported as 2.2% from Bareilly (Verma, 1978), 7.6% from 
Patna/Ranchi (Prasad, 1981) and 7.7% from Kurnool (Reddy et al. , 
1968). The foregoing reviews clearly indicate that buffalo and 
cattle are the preferred host among the livestock in this 
country. 
The hydatid cysts recovered from the above mentioned animals 
were of different nature. They may be fertile (with larvae), 
sterile (without larvae) or calcified (caceated). From economic 
point of view all types of cysts are significant, since all of 
them induce pathological effect with same degree of damage. 
However, the fertile cysts have some additional significance in 
the perpetuation of life cycle. Thus, the rate of fertility of the 
cysts is an important factor in the epidemiology and etiology of 
this disease. High fertility rates of hydatid cysts have been 
reported in buffalo and cattle (Gill and Rao, 1967 a; Hedge et 
al. . 1974; Abraham et al,., 1980b; Kosalaraman and Ranganathan, 
1980; Deka et al. , 1982; Prasad and Mandal, 1983). Similarly, 
fertile cysts have also been reported in sheep, goats and pigs by 
many workers (Pandey, 1971; Mathur and Khanna, 1977; Prasad and 
Mandal, 1978; Verma, 1978; Abraham et al., 1980a; Prasad, 1981; 
Deka et a2., 1982; Kulkarni et a^., 1983). However, none of these 
studies provide details on the viability of the protoscoleces 
(larvae) which is also an important factor in the completion of 
the life cycle. 
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Hydatidosis in livestock has also been reported from some 
adjoining countries. In Afghanistan, Buck et aj,. (1972) have 
concluded on the basis of faecal examination of dogs, hydatid 
cysts in ruminants, and elevated antibody titres in human adults, 
that the hydatid disease is an important problem in that country. 
High prevalence rate of hydatidosis in livestock was also reported 
from Bangladesh (Islam, 1982). The prevalence rate of hydatidosis 
has been reported as 48.6% in buffaloes, 53.6% in cattle, 24.2% in 
goats and 7.3% in sheep from the Dacca slaughter house (Islam et 
al.. 1977). Further, about 56.3% sheep were found to be infected 
in Mymensingh district of Bangladesh and the incidence in liver 
and lungs were more or less same with 74.6% fertility rate 
(Islam, 1979). The prevalence rate in goats was recorded as 8.3% 
with 9.8% fertile cysts (Islam, 1980 a). 
In Australia the infection of hydatidosis has also been 
reported from horses and macropod marsupials (Kumaratilake and 
Thompson, 1982 b) . In Great Britain horses have been reported to 
be more infected as compared to other livestock (Thompson and 
Smyth, 1975; Thompson, 1977 b; Cranely, 1982). In Switzerland 
cattle are the most important intermediate host for perpetuation 
of the parasite (Eckert, 1981), whereas in Australia and New 
Zealand, sheep has been reported to be the most commonly infected 
intermediate host (Gemmell, 1961a; Kumaratilake and Thompson, 
1982b) . It is possible that in these two countries sheep 
management is the most preferred occupation of the farmers. 
Reports are also available from Africa where sheep and goats were 
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found most preferred intermediate host particularly in Masailand, 
Kenya (Macpherson, 1985). 
In West Asia and North Africa, the camels were maintained 
for food and transport and were found infected with hydatid cysts 
(Schwabe, 1986). Further, camels are also reported to be an 
important intermediate host in many countries like, Iran ( Afshar 
et al. , 1971), Lebanon (Dailey and Sweatmann, 1965), Syria 
(Pipkin, et al. , 1951) , Iraq ( Al-Abbassy et al. , 1980) and Egypt 
(Hamdy et al. , 1980). Thus, the foregoing literatures clearly 
reveal that in different countries the prevalence rate varies 
considerably among different livestock and it has some correlation 
with the utility and population of a particular intermediate host 
in that country. 
II.PREVl^ENCE OP HYDATIDOSIS IN MAN : 
In addition, to livestock, this disease has also been 
reported in human beings throughout the world (see for review 
Mattossian et al., 1977; Schantz, 1982; Schwabe, 1986). In India 
no comprehensive survey has been carried out, therefore, little is 
known about the factors responsible for the prevalence of this 
disease among humans. In medical literature specific cases have 
been reported in which the involvement of various organs like, 
central nervous system, liver, kidney, ovary, sternomustoid 
muscle, tibia and thoracic vertebrae, femur and spleen have been 
mentioned (Reddy et ai-, 1979; Verghese and Balakrishnan, 1979; 
Naim-ur-Rahman, 1980; Chaudhary and Chaudhary, 1981; Khandeparker 
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et al. , 1982; Naik and Naik 1982; Parija et al. , 1983; Dorn et 
al.f 1984; Arya et. aX-, 1990). Despite the large number of 
available case reports only few human surveys have been 
undertaken. Reddy et al., (1968) have reported 527 cases from all 
over the country. Prakash et. aJ. (1967) reviewed human 
hydatidosis in India from 1962 to 1965 and reported 56 and 40 
human cases from Irwin and Safdarjang Hospitals respectively of 
New Delhi. Similarly, human cases have also been reported from 
different hospitals of Uttar Pradesh. From Varansi 4 human cases 
have been reported during the period of 1962-64 (Khanna and Gupta, 
1965), while in many other reports a single human case was 
reported (Prakash et ai,. , 1967). Lakshmanrao (1980) has observed 
that over a period of 1967-79 the incidence of hydatidosis at 
Hyderabad was the highest, particularly in the age of 20 -39 years 
in low income group and was more common in females than the males. 
He (loc. cit.) suggested that the main cause of the disease was 
due to the contamination of water and lack of sewage planning. 
Sharma et al. (1983) observed that the disease was more common in 
south India as compared to the northern regions, but no reason for 
this geographical difference was assigned. Reddy et aJL. (1979) 
have reported from Kurnool that 32 childrens of more than 12 years 
age were found infected during 1960-78. Singh (1983) reported 68 
cases from district hospital Chamoli, Garhwal, during 1976-80, all 
of these patients were from the Bhotia tribe and keep watch dogs. 
In neighbouring countries like Pakistan, Bangladesh and Sri 
Lanka, many cases of human hydatidosis have also been reported. 
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Siddiqui and Siddiqui (1972) have reported 24 cases of hydatidosis 
during the period of two years in Jamshore (Hyderabad, Sind). In 
Bangladesh the prevalence is comparatively low, only 18 cases of 
human hydatidosis were reported from Dacca, 11 of which were 
suspected clinically and seven cases were discovered during 
surgery (Islam et aj,. , 1976). A survey of dog infection revealed 
that about 61% and 62% dogs were found to be infected in Dacca and 
Mymensing districts respectively with highest infection (75.8%) 
around the slaughterhouses (Islam, 1977; Islam, 1980 a, b). In Sri 
Lanka, hydatidosis is considered to be rare in the native 
population and only four cases have been reported among foreigners 
(Dissanaike,1957; 1962). 
Human hydatidosis has been reported from almost every 
continent of the world including Island and Mediterranean 
(Mattossian et. aj,. , 1977). In Latin American countries, 
particulary Uruguay and Chile, the prevalence rate of human 
hydatidosis was reported as 17.7 and 7.8 per 100,000 hospital 
cases respectively (Eckert et al. , 1981; Schantz, 1984). In many 
countries, hydatidosis is more prevalent in rural areas where dogs 
have an important role in their community life. In Uruguay the 
incidence was considerably higher in rural as compared to urban 
population. It is possible that such variations may be due to the 
differences in the socioeconomic condition and educational status 
of the population. During the period of 1956-1959, Drolskammer si, 
al. (1973) have reported 351 human cases from Switzerland, out of 
which 64% had unilocular and the remaining had multilocular 
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cysts. Human infection at the rate of 7.9 and 3.7 per 100,000 
hospital cases have been reported from Greece and the former 
Yugoslavia respectively (Schantz, 1984). 
In Great Britain the human hydatidosis is not as common as 
in other European countries. The problem of hydatidosis in Great 
Britain and the analysis of epidemiological factors has been 
comprehensively reviewed by many workers (Thompson and Smyth, 
1975; Thompson, 1977 b; McManus et ai. , 1985) where an increasing 
prevalence in horses and sheep have been reported. However, a 
parallel rise in human cases were not observed possibly due to 
variation in the infectivity. 
Human hydatidosis has been reported from all states of 
Australia (Kumaratilake and Thompson, 1982b). The annual incidence 
rate has been reported as 27.4 and 9.3 per 100,000 population in 
rural and urban areas respectively (Gemmell, 1961 b). During 1941-
50 hydatidosis in rural areas was common to such an extent that on 
an average one human was operated every week. It was primarily a 
rural problem particularly of sheep raising areas of the continent 
(Beard, 1979). Tasmania has remarkably high annual incidence rate 
where variable number of human cases have also been reported 
(Kumaratilake and Thompson, 1982 b) , In New Zealand between 1944-
53 the human incidence was recorded as 7.5 per 100,000 surgical 
cases per annum (Schwabe, 1969). 
Hydatidosis appears to be hyperendemic throughout the 
African continent. From Algeria 5.6% human cases were reported out 
of 100,000 population (Schantz, 1984). The highest incidence of 
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human hydatidosis in the world has been reported from Turkana 
district of North West Kenya, where over a period of 14 years 
about 1500 operations of hydatid cysts were performed out of 
1,43,000 district population (Macpherson, 1983). The incidence 
based on hospital cases was also quite high, and varies from 18 
to 220 cases per 100,000 hospital cases per annum in southern and 
northern region of the district respectively (French and Nelson, 
1982) . Macpherson (1983) has identified various ecological and 
socio-economic factors which are responsible for high incidence of 
hydatidosis in the tribes of Turkana region. 
Human cases have also been reported from West Asian 
countries. In Lebanon the epidemiological studies on human 
hydatidosis has been carried out by Schwabe and Abou- Daoud (1961) 
who reported 2:1 ratio of the disease among Christian to Muslims. 
In Israel about 100 cases per annum at the rate of 5 cases/100,000 
surgical patients have been reported (Matossian et aJ. , 1977). 
Hydatidosis is also reported to be common in Kuwaiti immigrants. 
El-Gazzar and McCready, (1962), have recorded 51 cases of which 
only 5 were Kuwaiti nationals. 
The foregoing literature clearly reveals that hydatidosis is 
of cosmopolitan distribution as far as human infection is 
concerned. The differences in the prevalence rate are due to 
involvement of various environmental and socio-economic factors. 
In India the factors responsible for the prevalence of this 
disease have not yet been analyzed. 
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III. STRAIN CHARACTERIZATION AND DEVELOPMENTAL BIOLOGY: 
The other important feature of this parasite is the deve-
lopment of different strains which makes the problem of 
hydatidosis much more complicated. The causitive agent of this 
disease (E. granulosus) involves a variety of intermediate hosts 
but dogs are the main definitive host for the perpetuation of 
life cycle. However, some wild canines like dingoes, and jackals 
were also reported as definitive host in Australia and Kenya 
respectively (Kumaratilake et ai., 1983; Macpherson, et, al-, 
1983). Therefore, on the basis of susceptibility of various 
intermediate and definitive hosts, different cycles have been 
proposed from various geographical regions (Thompson and Lymbery, 
1990 b). 
In England two distinct cycles, of E. granulosus are 
maintained, one involves sheep/dogs and is geographically 
localized, while the other involves horses/ dogs and is wide 
spread (Thompson and Smyth, 1975; Thompson, 1977b). However, these 
two populations can not be considered as ecologically and 
reproductively isolated, since infected horses are found in those 
geographically isolated areas where ovine hydatidosis is also 
endemic. In both the cases dogs act as a definitive host and thus 
interbreeding of parasites in certain localized areas could occur 
within the definitive host. For this reason Rausch (1967) 
considered these two populations to be taxonomically invalid and 
for convenience they are referred informally as the sheep and 
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horse "strain", which were primarly recognized as two sub- species 
A 
(Williams and Sweatman, 1963). 
Smyth (1977) has emphasized that the mode of reproduction in 
E. granulosus favours the expression of mutants, and therefore, 
it is hardly surprising that a large number of strains have been 
reported from various parts of the world (Thompson, 1986; Thompson 
and Lymbery, 1988, 1990 a, b) . The term strain is somewhat 
confusing and it is now commonly accepted to refer to intraspeci-
fic variants of uncertain taxonomic status. Initially it was 
regarded that strains are restricted to different hosts species 
and the major criteria of their characterization was only if one 
strain did not develop in the host of other and vice-versa (Smyth, 
1977) but this may not always hold true (McManus and Smyth, 1986; 
Cook, 1989). Therefore, various definitions of strains have been 
proposed. Some parasitologists have regarded strains as population 
of a species which differ in morphological and biological features 
and were characterized by one or more biological criteria 
(Thompson, 1988) . The various criteria which have been used to 
characterize different strains have been reviewed by Thompson and 
Lymbery (1988) . These authors have defined strains "as a group of 
individuals which differ statistically from other groups of the 
same species in one or more genetically determined characters of 
actual or potential significance to the epidemiology and control 
of hydatid disease". 
The first turning point in our understanding of strain 
variation came with the demonstration of differences in nutrition-
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al requirements between British sheep and horse strain by in vitro 
culture technique (Smyth and Davies, 1974). In addition to this, 
epidemiology, host specificity, iji vivo development, biochemistry 
and more recently genetic heterogeniety of these strains have been 
studied (Thompson and Smyth, 1975; Thompson, 1977a; 1986; 1988; 
1991; McManus et ai. , 1987; McManus and Rishi 1989; Smyth, 1990). 
The infectivity rate of these strains also varied, as the horse 
strains were reported to be non-infective to sheep (Hatch and 
Smyth, 1975). 
Similarly, on the basis of morphological, developmental and 
biochemical studies three strains have been reported from 
Australia (Kumaratilake et ai., 1983; Thompson and Kumaratilake, 
1982; 1985; Kumaratilake and Thompson, 1983; 1984 a> b) . Among 
these, two domestic strains are primarily perpetuated in a typical 
sheep / dog cycle, one is found throughout the mainland, whereas 
the other is restricted to Tasmania. The third strain is a 
sylvatic strain involving wallabies and kangaroos (Macropodi dae) 
as intermediate and dingoes (Canis familiaris dingo) as definitive 
hosts. Baldock et ai. (1985) have reported that the protein 
profile of the human isolates were identical to that of mainland 
domestic strain and quite distinct from the sylvatic strain. It 
was further concluded that the sheep strain from the Australian 
mainland may be infective to human beings. 
A similar situation has also been reported from Kenya where 
an unusually complex strain picture exists and the hydatid 
disease has been considered to be of major public health 
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significance (Nelson, 1986). Extensive biochemical studies suggest 
the occurrence of at least three strains, one which occurs in man, 
sheep and goats, while second occurs in camel and goats, and the 
third may be peculiar to cattle, although the status of cattle 
form is not confirmed (McManus, 1981; Macpherson and McManus, 
1982). Further, Macpherson and Smyth (1985) have reported by in 
vitro culture that the isolates of E. granulosus from different 
hosts of Kenya are closely related and likely to be cross 
infective to each other. The cross transmission experiment 
suggests that all these strains are infective to dogs and baboon 
(Macpherson, et al., 1986). From India, Gill and Rao (1967b) 
investigated the biology and morphology of E. granulosus from 
buffalo/dog origin. They reported that this material resemble with 
E. granulosus canadensis as far as number of segment is concerned 
but differ in the distribution of testes, size of mature and 
gravid segments and the development of secondary cysts in albino 
mice. On the basis of these criteria they pointed out that the 
material of buffalo/dog origin did not appear to fall into 
definite subspecies pattern but considered it as variant or mutant 
adapted to a different and more suitable intermediate host. Pandey 
(1972) observed that goat/dog material was infective to cats but 
the worms did not attain sexual maturity and showed stunted 
growth. He further pointed out, that although goat/dog material 
was closely related to E. granulosus newzealandensis. but did not 
correspond to any subspecies and considered it as a "strain" or 
"mutant". 
?u; 
Additionally, there is an increasing evidence that geogra-
phical sub - strains may also exist, even within the same host 
(McManus, 1981; Macpherson and McManus, 1982; McManus and Rishi, 
1989) . Using biochemical criteria, McManus (1981) has suggested 
that the human and sheep forms of E. granulosus from Kenya have a 
very close affinity, but the cattle, goat and camel forms vary 
from each other and from the human and sheep isolates. 
A similar phenomenon of strain variation has also been 
demonstrated among other medically important helminths. For 
example Trichinella is transmitted to man from domestic pigs in 
Europe and America, whereas this parasite in Kenya has very low 
infectivity to domestic pigs (Nelson et. aj,. , 1966) . Another 
example is of Schistosoma iaponicum, which exists at least in the 
form of four geographical strains. The Chinese strain is highly 
infective to man but there are two strains in Taiwan which are non 
infective to man (Hsii and Hsu, 1968) . 
In addition to the differences described above, different 
strains of E. granulosus also show variation in their infectivity 
and prepatent period, which are important factors for the 
development of an effective control programme. The epidemiological 
and experimental evidence suggest that the British horse strain is 
not infective to human beings whereas the sheep strain is 
infective (Nelson, 1972; Thompson and Smyth, 1976; Smyth, 1977). 
There is also an evidence to suggest that E. granulosus of camel 
origin is infective to humans in Iran (Nasseh and Khadivi, 1975) 
but not in Somalia (Macchioni, 1985) , The high prevalence rate of 
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the disease in Turkana may be due to relatively high infectivity 
of the local strains to man (Schwabe, 1969; Macpherson, 1983). 
Thus^ the different strains show variations in the local pattern of 
transmission and infectivity. 
The prepatent period is an important factor, which has been 
reported to vary from strain to strain . Earlier it was thought 
that the prepatent period of E. granulosus in dogs was between 40 
-48 days (Gemmell, 1962; Smyth et al-, 1967), but later studies on 
in vivo development showed the variation in prepatent period 
(Smyth, 1987; Thompson and Lymbery, 1988). Thompson et al. (1984) 
have reported 3 5 days prepatent period in E. granulosus of Swiss 
cattle origin. Eckert et al. (1989) have reported that protosco-
leces of camel origin takes 41 days to produce eggs. In Australia, 
isolates of E^ granulosus from different areas have been reported 
to have different prepatent period. The parasite of Tasmanian 
sheep origin produced eggs seven days earlier than those of 
eastern Australia (Kumaratilake and Thompson, 1983) . In Russia, 
Zhuruvets (1982) has reported that the maturation of E. granulosus 
in dogs was longer in summer (39 -54 days) than winters (39 - 49 
days) . From India, Gill and Rao (1967b) and Pandey (1972) have 
reported 57 -59 and 60 - 69 days prepatent periods for buffalo and 
goat isolates respectively. 
Thus, the foregoing literature clearly reveals that E. 
granulosus from different hosts as well as from different 
geographical regions show variation in their development in dogs, 
infectivity to intermediate and definitive hosts and their 
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prepatent period. The metacestode from different intermediate 
hosts have been characterized by using various parameters 
including modern biological tools like mitochondrial DNA 
sequencing and restriction fragment length polymorphism (Hope et 
al.. 1991> 1992; Bowles et aJ., 1992; Bowles and McManus, 1993). 
Unfortunately in all the previous studies, the location of the 
cysts were not taken into consideration. 
IV. HISTOPATHOLOGY OF LARVAL AND ADULT CESTODE: 
Generally cestodes are firmly attached to the intestinal 
mucosa of the host with their scolex. As a result different 
pathological events occur at the host-parasite interface component. 
The pathological effect due to adult cestodes has been reviewed by 
Rees (1967). The pseudophyllidean and cyclophyllidean cestodes 
attach themselves within their host with the help of bothria and 
suckers respectively, by engulfing a plug of mucosa. In addition 
to this, rostellum also plays an important role in their 
establishment. The physiological significance of rostellum in the 
process of establishment has been discussed by many workers (Smyth 
et ai . , 1967; Smyth, 1969, Shield, 1969; Featherstone, 1972; 
Blitz and Smyth, 1973; Hulinska, 1977), The mode of attachment of 
various cestodes like Bothriocephalus scorpii. Clestobothrium 
crassiceps. Echinobothrium brachysoma and E_^  affine has been 
investigated by Rees (1958, 1961). The intestinal cell of the host 
becomes stretched and distorted due to the firm attachment (Smyth 
et al., 1969a). 
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The secretory glands in the scolex of cestodes have also 
been reported by many workers (See ref.in Smyth, 1969; Thompson et 
al.. 1979). Farooqi (1958) has reported certain specialized cells 
in the rostellum of Taenia solium. Small group of secretory cells 
located at the tip of the rostellum of adult E. granulosus have 
been described by Smyth (1963; 1964a) who referred it as 
"rostellar gland". The secretory activity of these glands was 
demonstrated when 3 5 days old worms were incubated in warm saline. 
A drop of secretion was released which indicates that the 
rostellar gland becomes active as the worm progresses towards 
maturity (Smyth, 1964 b, Smyth et aJ. , 1969 b) . The secretory 
activity of rostellum of 3 2 and 3 5 days old worms at the host-
parasite interface has been reported by using histological, 
hisotochemical and ultrastructural techniques (Thompson et al., 
1979) . Except this, no other study is available on the mode of 
attachment and rostellar activity in situ in dogs particularly on 
different developmental stages. 
The other remarkable feature of helminth parasites is the 
tegumental turnover during the course of development. Surface 
plasma membrane plays a major role in maintaining homeostasis, 
and the establishment of host-parasite relationship. Further, any 
alteration in the cell membrane is an important aspect of 
adaptation to environmental changes. In parasites there is 
considerable evidence that membrane properties alter during the 
life cycle. (Barrett, 1986). 
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The cestode tegument is essentially a syncytial epidermis 
with an outer anucleate cytoplasmic region and an inner nucleated 
region below the basal membrane complex.The surface plasma 
membrane of cestodes remain in direct contact with the hosts 
secretions. The functional aspects of the fine structure of the 
adult worm tegument or brush border are greatly influenced by the 
environmental and pathological conditions which have been reviewed 
by many workers (Smyth, 1972; 1973; Lumsden et al,. , 1982; Lumsden 
and Hildreth, 1983). Such tegumental changes have also been 
reported in trematodes. Hanna (1980) has reported that tegument of 
Fasciola hepatica protects the developing worms by glycocalyx 
trunover. Similarly Fried and Folay (1970) have demonstrated the 
replacement of spines by thick cuticle during in vivo development 
of Clinostomum marginatum in chickens by light microscopy. Such 
changes have also been reported during in vivo development of C. 
complanatum in chickens by scanning electron microscopy (Abidi et 
al., 1988). 
A unique feature of the cestode tegument is the presence of 
surface projections termed as microtriches. Morphologically 
distinct types of microtriches have been reported from different 
regions of E. granulosus (Jha and Smyth, 1969; 1971; Thompson et 
al. , 1982) as well as from other cestodes (see review by Lumsden 
et al 1982). In all previous studies sexually mature worms were 
examined and no information is available on gravid worms which are 
important for the perpetuation of life cycle. 
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In contrast to adult E^ granulosus, many reports are 
available on the pathology of xnetacestode (larval stage) of this 
parasite and has been comprehensively reviewed by many workers 
(Smyth and Heath 1970; Grove et al., 1976; Reader and Palmer, 
1981; Arme et. aX-, 1983). It has been reported that when 
onchospheres reach at the predilection site it becomes surrounded 
by host inflammatory cells within few hours, and the development 
of the parasites is greatly influenced (Webster and Cameron, 
1961). Available information reveals that pathological events may 
be largely due to either mechanical pressure caused by hydatid 
cyst or production of toxins. Initially most of the cysts which 
develop in liver were asymptomatic and clinical features do not 
appear until they reach 10 cm in diameter. The developing cysts of 
liver may cause jaundice or portal hypertension, whereas lung 
cysts may provoke cough, haemoptysis, dyspnoea and chest pain 
(Arme et ai., 1983). 
In alveolar hydatidosis, within the first three days of 
infection the cellular infiltration occurred in the liver and 
became hyper anaemic with minute white foci which could be seen 
macroscopically (Rausch, 1954). They also reported that each 
parasite vesicle was surrounded by leucocytes, beyond which, 
degenerating liver tissue and fibroblasts were found. 
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V. PATHOPHYSIOLOGICAL AND HAEMATOLOGICAL STUDIES: 
The survey of available literature reveals that various 
aspects of pathology due to adult cestodes have been investigated 
using only few species like Hymenolepis diminuta, H. microstoma. 
Diphyllobothrium latum and Bothriocephalus spp. and the 
literature on this aspect has been comprehensively reviewed by 
Arme et aJ,. (1983) . Lumsden and Karin (1970) observed a typical 
inflammatory reaction with leucocyte invasion at the site of 
attachment of H. microstoma in rodents. Effects have also been 
reported from those organs which had no contact with the 
tapeworm. The cellular infilteration and fibrosis occurred in bile 
duct and later on lesions appeared on the liver surface (Pappas, 
1976). It has been suggested that the pathological changes like 
cellular infilteration and increased oxygen consumption in the 
organ not in contact with the parasite, were initiated due to 
toxins produced by the parasites (Mayer and Pappas, 1976). 
The parasites exert their effects on the host in different 
ways, for example, by feeding on blood , tissue destruction 
during larval migration or feeding, mechanical or chemical 
irritation on contact surfaces, liberation of toxic metabolites, 
obstruction of excretory ducts, atrophy or hypertrophy of the 
tissue etc. The structural alteration caused by the parasites 
resulted in functional disturbances whose severity depends on 
location and degree of infection. Further, there is considerable 
variation in the ability of different organs to compensate the 
loss of functional tissues, for example, the functional reserve 
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in the liver is so large that dysfunction is evident only after 
the loss of 60 - 70% of the tissue (Jubb and Kennedy, 1970) . The 
compensatory ability of the gastrointestinal tract was also 
reported in parasitic infection. Symons et. ai. , (1971) have 
reported that the infected portion of the jejunum with 
Nippostrongylus brasiliensis show malabsorption, which was 
compensated by the adjoining uninfected area (ileum) of the 
intestine. On the other hand organ systems with a more limited 
functional reserve such as lungs have a lower tolerance level and 
dysfunction appears early. 
The pathophysiological changes due to parasitic infections 
have been comprehensively reviewed by many workers (Soulsby, 1976; 
Nielsen, 1982; Holmes, 1986; 1987).The available literature 
indicates that no work has been carried out on Echinococcus 
infection in dogs. However, some reports are available on interme-
diate hosts. Ranucci and Grol Ranucci (1978) have recorded the 
changes in various serum enzymes including SCOT and total and 
fractionated serum proteins, while no change in SGPT, and alkaline 
phosphatase in infected sheep. Besides this, other disturbances 
have also been attributed to the intermediate host due to hydatid 
cysts (Arme et. aj,. , 1983). Le Bars and Renting (1976) have 
reported significant changes in the level of various serum 
enzymes like ornithine carbamyl transferase (OCT), GOT and GPT 
during the course of deveplopment of F. hepatica in rabbits. 
Most of these studies, have been carried out on experimental 
animals but an important question arises that whether these model 
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animals can be used for pathophysiological studies. In this conn-
ection Le Bars and Banting (1976) have compared the pathological 
effect due to F. hepatica infection in sheep and rabbits, and on 
the basis of differential response they suggested that rabbits 
cannot be used as model for the study of pathological effects. 
Various haematological changes are known to occur due to 
different parasitic infections in sheep, cattle, rabbits and pigs 
(Lean et alw 1972; Kadhim, 1976; Maxie et ai. , 1976; Holmes and 
Jennings, 1976; Jennings, 1976;). A massive loss of RBC and plasma 
proteins due to helminths infections have also been reported 
(Titchener et al. , 1974; 1975; Holmes, 1986; 1987). Such anaemic 
conditions generally explained when the packed cell volume or the 
haemoglobin concentration per unit volume falls below the accepted 
normal range due to loss of blood. It has been reported that 
approximately 0.2 ml blood per worm per day were lost due to 
Ancylostoma duodenale and A. caninum infection in man and dogs 
respectively (Roche,et al. , 1957; Miller, 1966). The parasitic 
anaemia is caused either by haemorrhage or by direct consumption 
of blood, however there are some intestinal parasites where the 
mechanism of anaemia remains obscure. In such cases' anaemia is not 
haemorrhagic in aetiology and different causes have been attribu-
ted like digestive disturbance (Gallagher, 1963), inhibition of 
iron uptake (Barker, 1973a) and also due to toxins, produced by 
the parasites which depress erythropoiesis (Horak, et ai. , 1968). 
Furthei^ D. latum causes pernicious anaemia by utilizing vit 312 
from diet (See review by Jennings, 197 6). 
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In addition to the above described changes, the physiology 
of the gastrointestinal tract is also affected by parasitic 
infections (Holmes, 1986). The activity of brush border enzymes 
decreases due to parasitic infections and it has been suggested 
that it could be probably due to mucosal damage (Jones, 1983). In 
many infections, there are profound alterations in the intestinal 
absorptive surface, for example, in ascariasis, there is a 
shortening of the intestinal villi and a loss of microvilli 
(Stephenson et al,. , 1980, Forsum et. aJ. , 1981). Villus atrophy in 
the calves infected with Trichostrongylus colubriformis and 
Nematodirus battus has also been reported (Shayo and Benz, 1979; 
Coop et aj^. , 1973). Inspite of the structural damage, altered 
motility and secretions of the gastrointestinal tract, numerous 
attempts have also been made to determine whether impaired 
digestion and absorption are the major causes of poor utilization 
of food by parasitized ruminants. Although some studies suggest a 
reduction in the digestion or absorption of dietary nitrogen or 
other nutrients which are poor indicators of malabsorption 
(Holmes, 1986). Gastrointestinal leakage of plasma proteins 
particularly albumin is a well established fact in a number of 
infections of the small intestine (Symons, 1982) . 
A general type of reaction due to gastrointestinal parasites 
is the production of inflammatory tissue and cells in the vicinity 
of the parasite with loss of functional cells have been reported 
by Nielson (1982). Hypertrophy of the tunica muscularis due to 
ascariasis in pigs leads to a considerable increase in gut weight 
(Stephenson et aj,. , 1980) . 
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VI. BIOCHEMICAL COMPOSITION: 
As mentioned earlier, different strains of E. granulosus 
were also characterized on the basis of differences in their 
biochemical composition. Comparatively very little work has been 
carried out on the biochemistry of this parasite. Since, the 
biochemical composition depends on a number of factors, therefore 
a considerable variation exists between different species (Smyth, 
1969; Von Brand, 1979; Barrett, 1981; McManus and Bryant, 1986; 
Smyth and McManus, 1989). Many complications arise in the study of 
cestode biochemistry due to the fact that various species like E. 
granulosus, H. diminuta, T. crassiceps have exist as complex of 
different strains which may often differ in their biochemistry and 
physiology. The biochemical composition may vary with respect to 
the strains of both parasite and host, age of infection and degree 
of maturation (Smyth and McManus^1989) . 
First report on biochemical anaylsis of protoscoleces was 
available from American sheep by Agosin et a_l. (1957) . Thereafter, 
a number of papers were published on the biochemistry and 
physiology of E. granulosus. The earlier reports on biochemical 
compositions of E. granulosus include mainly the characterization 
of polysaccharides. Agosin (1959) has determined two components in 
polysaccharides of protoscoleces, first stronger component was 
glycogen and second was glucosamine or galactosamine. This was 
further confirmed by Kilejian et al- (1962) by Pfluger method. 
They observed that polysaccharides from adults gave similar 
electrophoretic and chromatographic pattern to those of —-—' 
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corresponding preparations from the protoscoleces. Besides this, 
alcohol - petroleum ether extracts of protoscoleces gave spectral 
characteristics of lipids. McManus and Smyth (1978) have carried 
out biochemical and physiological studies on protoscoleces of E. 
granulosus from British horse and sheep strains and on the basis 
of differences they further confirmed the existence of two 
different strains.Further, these authors have reported that sheep 
strain produced acetate and succinate while in horse strain the 
major end products were lactate and succinate when incubated in 
vitro under aerobic and anaerobic conditions. In a subsequent 
study McManus (1981) has reported the differences in the 
biochemical composition between adult worms obtained from 
experimentally and naturally infected dogs. Further, considerable 
variation in lipids and phospholipids composition have also been 
demonstrated in the protoscoleces (Frayha and Smyth, 1983). The 
available informations on the lipid metabolism indicate that 17 
fatty acids in protoscoleces of E^ granulosus ranging in chain 
length from 12 to 20 carbon atoms have been identified (Digenis et 
al. . 1970). Further, Vessal et ai. (1972) identified an 
additional fatty acid with 22 carbon atoms. No information is 
available on the synthesis of long chain fatty acids in 
Echinococcus spp., as platyhelminths are generally unable to 
synthesize de novo (Barrett, 1981) . Vessal et al. , (1972) also 
fractionated the polar lipids into lysolecithin ^ sphingomyelin, 
lecithin, phosphatidylinositol, sulfatides, cerebrosides, cephalin 
and cholesterol. These findings were further substantiated 
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following identification of phospholipids, fatty acids, 
cholesterol, mono, di and triglycerides in the hydatid fluid and 
protoscoleces (Frayha et aJL. , 1980; Frayha and Hddad, 1980). Such 
lipids and their derivatives have also been reported from other 
parasite, as Fried and co-workers have demonstrated the occurrence 
of major neutral lipids, free sterols, triglycerides and sterol 
esters from different species of Schistosomes and also their 
release during in vitro incubation. (Fried et. a^. , 1983; Haseeb 
et al. , 1985) . It has also been demonstrated by in vitro study 
that free s terols attract the worms whereas, phospholipids and 
other polar compounds act as a chemorepellant (See review by 
Haseeb and Fried, 1988). 
Comparatively, very little information is available on the 
developmental biochemistry of the parasites. The major metabolic 
changes associated with the life cycle of the; parasite are 
principally governed by various abiotic and biotic factors 
including catalytic potential and functions of enzymes and 
changes in their isozyme patterns (Barrett, 1986) . This provides 
an opportunity to the parasites to switch on or off aerobic and 
anaerobic metabolism in response to environmental conditions. Such 
biochemical adaptations may be required for an immediate or for 
long term metabolic needs of the parasites. Roger and Petronijevic 
(1982) have suggested that the biochemical changes associated with 
the development of parasite are probably governed by a set of 
genes. These genes may be stage specific and require a trigger 
stimulus for activation or suppression. It is likely that a 
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neurosecretory mechanism intervenes in the process, integrating 
the developmental changes with environmental cues. There is 
increasing evidence for the widespread distribution of 
physiologically active neuropeptides in parasitic helminths 
(Falkmer et ai-, 1985; Wikgren et aJ., 1986), however, their 
involvement in control mechanism has yet to be resolved. Thus,the 
studies on developmental biochemistry should be carried out in 
detail particularly on E. granulosus because, no report is 
available with the exception of McManus (1981), who investigated 
the biochemical composition of only 3 5 days old worms. 
Various reports are available on the in vitro excretion/ 
secretion of various metabolites. It has been suggested that in 
certain helminths (F. hepatica, Schistocephalus solidus and E. 
granulosus) the addition of glucose to the incubation media 
caused an increase in lactate production and the phenomenon was 
explained as an overflow metabolism by these parasites (Von 
Brand, 1979; Barrett, 1981; 1984). McManus and Smyth (1978) have 
reported that the protoscoleces of E. granulosus (horse and sheep 
strain) and E. multilocularis consume different amounts of oxygen 
and endogenous glycogen and produce different concentrations of 
lactate, succinate, acetate, malate, pyruvate, propionate and 
ethanol as end products of carbohydrate metabolism. These authors 
further reported that uptake of glucose occur only in E. 
multilocularis while absent in E. granulosus under in vitro 
incubation with 9 5% N2 and 5% C02,. The presence of glucose in the 
incubation medium affects the excretion of different end products 
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of carbohydrate metabolism as described for S. solidus and H. 
diminuta (Korting and Barrett, 1977; Ovington and Bryant, 1981). 
VII. PROTEIN POLYMORPHISM: 
The biochemical approach for the identification of organism 
found its way three decades ago when Sibley (1960) emphasized the 
application of electrophoresis as an analytical tool for solving 
the taxonomic problems. Since then, the electrophoretic separation 
of soluble proteins has been increasingly used in taxonomic 
studies of helminths (Bylund and Djupsund, 1977; Le Riche and 
Swell 1978; Bullini, 1984; Bryant and Flockhart, 1986). Polyacry-
lamide has been widely used as a supporting medium for the 
electrophoretic separation of proteins for the convenience in 
handling and better resolution. 
Although, several criteria have been applied to differenti-
ate the population of E. granulosus, but the separation of 
proteins and isozymes by electrophoresis and isoelectric focussing 
have widely been used to differentiate inter and intraspecific 
variants in this parasite (Kumaratilake and Thompson, 1979; 
McManus and Smyth, 1979), Kumaratilake et aj,. (1979) have 
compared the soluble proteins of E. granulosus (British horse and 
sheep strains) and E. multilocularis by isoelectric focussing. 
They observed • significant differences in polypeptide profile of 
E. granulosus and E. multilocularis and also between the horse and 
sheep strains. Besides this, isoelectric focussing has also been 
used to differentiate various strains of E. granulosus from 
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Australia and Kenya (Kuitiaratilake and Thompson, 1984b; Macpherson 
and McManus, 1982; Baldock et ai., 1985; Harrison et ai-; 1986). 
McManus and Barrett (1985) resolved a total of 50 polypep-
tides of Mr. < 14 to > 200 KD of British horse strain using SDS-
PAGE. Except this, no other report is available on SDS-PAGE of 
soluble proteins of E. granulosus, however a number of studies 
have been carried out on other parasitic helminths. 
Since, protein composition of an organism reflects the 
genetic constitution, therefore, it will provide a reliable 
measure of genetic differences between different strains (Thompson 
and Lymbery, 1988; Lymbery and Thompson, 1988). In the present 
study an attempt has also been made to analyse the soluble 
proteins of protoscoleces isolated from buffalo liver and lung 
cysts by lEF and SDS-PAGE in order to find out similarities and 
differences. The soluble proteins of different developmental 
stages were also analyzed by SDS - PAGE to find out the 
polypeptide turnover during the development. 
VIII. GLUCOSE TRANSPORT KINETICS: 
Parasitism is generally defined in nutritional terms as "the 
movement of organic solutes from the host body fluids into the 
parasite soma" (Pappas and Read, 1975). Since, the parasites 
depend totally on their hosts for their nutritional requirements 
and regulate their metabolism accordingly, hence, they are often 
referred as "metabolic opportunists" (Bryant, 1971). 
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The available literature on the nutritional physiology of 
cestodes (Von Brand 197 9; Barrett, 1981; Smyth and McManus, 1989) 
reveals that the nutrients are absorbed through tegument, since 
they lack functional digestive tract.Besides ultrastructural 
studies, the secretory and absorptive nature of the cestode 
tegument and particularly its role in nutritional uptake and the 
involvement of a number of hydrolyzing enzymes have been reported 
(Mettrick and Podesta, 1974; Lumsden, 1975; Pappas, 1983). 
Kinetic studies on absorption of monosaccharides in cest-
odes, suggests that all the cestodes studied so far are capable of 
utilising glucose and other sugars by active mediated transport 
(Pappas and Read, 1975; Barrett, 1981; Pappas, 1983; Smyth and 
McManus, 1989). Uptake of glucose via a saturable (mediated) 
system and/or accumulation of glucose against concentration showed 
some differences in various parasites like, H. diminuta (Arme et 
al., 1973; Pappas et al,, 1974; Read et al., 1974, Uglem, 1976), 
H. microstoma (Pappas and Freeman, 1975) , Calliobothrium 
verticellatum (Fischer and Read, 1971; Pappas and Read, 1972), T. 
crassiceps larvae (Pappas et al. , 1973) and T. taeniformis (von 
Brand et aj,. , 1964). By using worms from starved host, Phifer 
(1960) showed that preincubation of worms in a metabolizable 
monosaccharides resulted in a significant increase in radioactive 
glucose uptake over that of control which were not preincubated. 
Preincubation of worms from starved hosts in a nonmetabolizable 
onosaccharides (Fructose) yield results similar to control. 
However, it has been reported that in vivo glucose uptake in H. 
m 
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diminuta occurs by the involvement of two component i.e. active 
mediated and mass flow (Podesta and Mettrick, 1974). Under experi-
mental conditions mass flow accounts for as much as 30% of the 
total glucose uptake, which is very similar to that found in 
mammalian intestine. The site of mass flow in the syncitial 
cestode tegument is not known. 
Further, it has been reported that glucose absorption by 
cestodes is temperature dependent and inhibited by a variety of 
structurally similar monosaccharides, hence the uptake is 
steriospecific (Pappas and Read, 1975). There is some evidence 
that in the larvae of H. diminuta two transport systems are 
present for the uptake of glucose and galactose while in adult 
only single transport site has been suggested (Pappas and Read, 
1975). Thus, glucose and galactose transport in adult cestodes 
appear to occur via a common carrier system. 
Fischer and Read (1971) indicated that 3 - O-methylglucose 
absorption by C. verticillatum was a linear function of sugar 
concentration and this monosaccharide was not accumulated. 
Therefore, the mechanism for 3-0-methylglucose uptake appeared to 
be nonmediated (diffusion). In contrast to glucose and galactose, 
fructose was taken up by the cestodes through passive diffusion. 
Thus, the hexose uptake mechanisms of cestodes show similarities 
with those of mammlian intestine. In both the cases glucose and 
galactose share a common carrier. 
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In the protoscoleces of E^ . granulosus the mechanism of 
glucose transport has not been investigated however, some reports 
are available on the transport kinetics of amino acids. The 
protoscoleces of British horse strain have been reiported to take 
up amino acids by a combination of mediated transport and passive 
diffusion and for this four transport systems were reported to be 
involved (Jeffs and Arme, 1986; 1987). Further, Jeffs and Arme 
(1988) have also reported that the uptake of cimino acids by 
secondary hydatid cysts occurs by passive diffusion into the cyst 
wall and by mediated mechanism into the fluid. 
Thus, the literature survey clearly reveals considerable 
variation in the hexose transport mechanism bestween various 
cestodes spp. Though the reports on glucose uptake are available 
in various cestodes but nothing is known about the metacestode of 
E. granulosus. 
IX. PHARMACOLOGICAL STUDIES: 
If we look back into the history of chemotherapy, we find 
that during the last few decades most of the work has been carried 
out on the development of anthelmintics. In 1909 Paul Ehrlich laid 
down the foundation of the chemotherapy of parasites and proposed 
that the inhibition of enzymes were crucial to the parasites 
but not to the host, might be the basis of rational approach to 
the chemotherapy of the parasites. Since then, many chemicals have 
been screened for their chemotherapeutic effect and the different 
reviews are available on this aspect (Coles, 1983; Armour, 1983; 
Prichard, 1986; Bogan and Armour, 1986; Boray, 1986; Campbell, 
1986; Campbell and Rew, 1986; Chappell, 1988). A number of drugs 
belonging to the benzimidazole, salicylanilides, sulphonamide, 
halogenated phenols etc. are currently marketed which are safe, 
effective and broad spectrum anthelmintics used against the common 
gastrointestinal nematodes of cattle were also found effective 
against some cestodes and trematodes (Van Den Bossche, 1980 a, b; 
Schantz, 1982; Schantz et al. , 1982; Eckert, 1986; Ahmad et al. , 
1987) . The drugs used for the treatment of tapeworm infections 
represent only few chemical classes and their pharmacology and 
mode of action have been reviewed by Van Den Bossche (1986). 
Nowadays, considerable attention has been given to the 
development of effective chemotherapeutic agent against the 
metacestode of Echinococcus. A number of factors are involved in 
drug treatment of hydatidosis which have been discussed by Eckert 
(1986). 
Different parameters have been used by various investigators 
for the assessment of the efficacy of different drugs against 
metacestode of Echinococcus. It is evident from the review of 
literature that most of these studies carried out under jji vivo 
condition (Eckert, 1986; Rausch, 1986). Gemmell ot al. (1981) 
treated three groups of sheep with oral mebendazole ( 50 mg/kg 
body weight) and reported that after 3 months treatment the cysts 
appeared degenerated and the protoscoleces were not infective to 
dogs. In recent years the electron microscope has also been used 
as a powerful tool to study the actual site of the drug action in 
parasites. 
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since, the tegument of the cestodes is metabolically active 
through which exchange of material takes place therefore, the 
tegument is being considered as site for drug action. The 
physiological importance of the tegumental surface of larval and 
adult forms of E. granulosus and E. multilocularis in the host-
parasite relationship have also been reported through transmission 
(TEM) and scanning electron microscopy (SEM) (Morseth, 1967; Jha 
and Smyth, 1969; Sakamoto and Sugimura, 1969; Irshadullah et al. , 
1990) . 
Using the electron microsopy Rogan and Richard (1986) 
monitored the in vitro effect of monensin on protoscoleces and 
reported that this drug causes cisternal swelling in the 
tegumentary golgi complex. Casado et aj,. (1989) have studied the 
protoscolicidal effect of levamisole and ivermectin by TEM and 
SEM. By iji vitro screening, Lorenzini and Ruggieri (1990) have 
suggested that mebendazole was not completely effective on 
protoscoleces at the concentrations achievable in human therapy. 
The structural deformations in adult E. granulosus due to in vitro 
effect of praziquantel have been reported (Conder et al., 1981). 
Surface alterations with lesions in mature cysticerci of T. 
Taeniformis after the treatment of infected mice with mebendazole 
were reported by Verheyen et ad. (1978). Comparatively, a large 
number of reports are available on the in vitro effect of various 
anthelmintics on the tegumental surface of trematodes (see ref. in 
Ahmad et al., 1987). However, only few chemical compounds have 
been tested on the protoscoleces. Therefore, a detailed study of 
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different anthelmintics belonging to various chemical groups must 
be undertaken to study their topographical effects on the 
protoscoleces of E. granulosus. 
Besides topographical damages, the anthelmintics are known 
to influence various metabolic processes. Since, the tegument of 
cestode is metabolically active and plays an important role in 
transmembranosis of sugars, amino acids and other substances, 
which are known to be influenced by various anthelmintics 
(Mansour, 1979; Van Den Bossche, 1972; 1976; Chappell, 1988). 
Reduced glucose uptake and depletion of glycogen level in H. nana 
have been reported due to the effect of mebendazole (Van Den 
Bossche, 1972) . Decreased glucose uptake and fall in glycogen 
reserve has also been reported in Moniezia expansa and Avitellina 
lahorea due to effect of mebendazole (Rahman and Bryant, 1977; 
Ahmad and Nizami, 1987). Except mebendazole, the effect of other 
drugs has not been studied on glucose uptake however, the other 
biochemical mode of action of various drugs have been investigated 
(Corbett and Goose, 1971 Van Den Bossche, et BLI. , 1979) . Von Brand 
(1973) has suggested that most of the drugs affect the metabolic 
processes by interfering the enzyme system. 
However, no generalization can be made because it is often 
stated that a particular drug may have multiple modes of action. 
Further, the taxonomically different group of parasites may 
respond differently to the same anthelmintic. Therefore, it is 
necessary to study each member of the drug separately in order to 
ensure disparity, if any, which might exist in the exact mode of 
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actions of drugs on different groups. It is also evident from the 
above review that the helminths have a high glycolytic capacity 
which results in the excretion/secretion of a wide variety of 
metabolic end-products particularly in presence of glucose. 
The foregoing survey of the literature clearly reveals that 
E. granulosus exists as different strains in various geographical 
regions which differ in their morphology, biology, biochemistry 
and genetic constitution. These strains also show variation in the 
infectivity to various definitive and intermediate hosts, 
therefore in order to suggest any appropriate control measure 
their characterization is necessary using various tools. Therefore 
in the present study an attempt has been made to investigate the 
various aspects of the hydatidosis in Northern India. 
MATERIALS 
AND 
METHODS 
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MATERIALS AND METHODS 
To investigate the incidence of hydatidosis in livestock it 
was decided to collect data on infection from different slaughter 
houses of Aligarh district. Aligarh is situated 120 km south east 
of Delhi and has a population of about 3.2 lakh. It extends from 
2f 2/N to 28° ll''N latitude and 77^ 2 / E to 78° 38 longitudes 
with an area of 5,069.66 sq km. In this district it is estimated 
that there are approximately 599,000 buffaloes, 25,800 sheep, 
175,500 goats and 338,200 pigs (Anon 1982). These animals are 
slaughtered at separate slaughter houses and managed by the 
municipal corporation. The buffalo slaughter house is situated in 
the sub-urban locality about 11 km from the university campus. The 
common slaughter house for sheep and goats is 6 km away, while 
pigs are slaughtered at the central dairy farm located about 8 km 
away and funtion under the control of the state government. 
I. PREVALENCE OF HYDATIDOSIS IN LIVESTOCK: 
To collect the data on the incidence of hydatidosis frequent 
visits to various slaughter houses were made,, About 40-50 
buffaloes, 40-60 goats and 10-15 sheep were slaughtered daily 
except on friday, while pigs were slaughtered twice a week. 
Occasionally camels were also slaughtered at the buffalo abattoir. 
These abattoirs were visited early in the morning and 
various organs of the freshly slaughtered animals were examined 
thoroughly for the presence of hydatid cysts. The age and sex of 
the infected animals were recorded. Only macroscopically observed 
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cysts were collected, small cysts of uncertain identity were 
ignored. Hydatid cysts obtained were individually labelled 
according to the host species and placed into large plastic bags 
in a cold box and brought back to the laboratory for further 
examination. 
Examination of Hydatid Cysts: Hydatid cysts were examined on the 
day of collection, if this was not possible then they were stored 
overnight at 4 C and examined the following day. The material was 
evaluated with regard to the location, number, size and shape of 
the cysts. The hydatid cysts were grouped into five classes 
according to size viz very small, (diameter 0.1-2 cm), small 
(diameter 2.5-4.0 cm), medium (diameter 4.5 - 7.0 cm), large 
(diameter 7.5 - 10 cm) and extra large (diameter greater than 10 
cm). Thereafter the condition (sterility, fertility and calcific-
ation) of the cyst was examined by aspirating half of the hydatid 
fluid from each cyst using a wide bore needle (No. 17-19) and 
hypodermic syringe of large size (20 ml) in order to reduce the 
intracystic fluid pressure. The cysts were then opened using 
scissor and examined for the presence and absence of 
protoscoleces. If protoscoleces were present then the cysts were 
considered as fertile. All the protoscoleces, which were normally 
present in the brood capsules, were removed using 1 ml pipette and 
transferred with at least 5 ml of hydatid fluid to 20 ml universal 
(sterilin) and kept at 4 C for further studies. Non-fertile cysts 
were classified as either sterile (without protoscoleces) or 
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calcified (either completely or partially). 
The collected data was analysed with respect to size, 
number, condition and location of the cysts. The prevalence rate 
of the disease was also determined on the basis of infected organs 
and the frequency distribution of infection was determined by 
applying appropriate statistical method (Sokal and Rohlf, 1981). 
Test For Viability: The viability of freshly removed protoscol-
eces was determined by the following methods: 
(a) Microscopic Examination of Flame Cells; Flame cell activity 
was observed microscopically and the number of viable and non -
viable protoscoleces were counted in five separate fields. 
(b) Eosin Exclusion Test: This test was performed by applying a 
drop of 0.1% aqueous eosin directly to protoscoleces suspended in 
Hank's medium on a microscopic slide. Eosin is not absorbed by 
viable tissue but non-viable tissue absorbs the dye and becomes 
pink. After 5 minutes, slides were examined and viability was 
determined by counting the number of live and dead protoscoleces 
in five separate microscopic fields (Plate II). 
II. PREVALENCE OF HYDATIDOSIS IN MAN: 
In order to study the prevalence rate of hydatidosis in 
human beings, data from the surgical records of various medical 
colleges of Uttar Pradesh was collected. Records of Aligarh, 
Kanpur, Lucknow and Gorakhpur medical colleges were examined. 
Location of cysts, sex, age and religion of the patients was 
Plate II. Eosin exclusion test for dead cells. 
Figs. 
1. The stained protoscoleces are dead (Dd) and 
unstained are live (Li). lOOX 
2. Evaginated protoscoleces at higher magnifica-
tion, showing calcareous corpuscles (Cc). 450X 
F I 
H l ^ ; - ^ ^ ^ 
^ 
ND 
# 
52 
recorded from the case sheets of the individual patient. 
Unfortunately neither the condition of the cysts nor the 
occupation of the patients were mentioned in the case sheets. 
Therefore these factors were not considered in the analysis of 
data. 
The total number of operation performed was taken as the 
population sample in the present study. The data of the present 
study was compared with the previous reports in order to assess 
the trend of the prevalence of this disease. 
Further, in order to assess the awareness about hydatidosis 
in the human population a questionaire was prepared in which a 
number of questions related to the disease were included like, dog 
as a pet, elimination of street dogs, health and hygiene of dogs 
as well as basic questions related to the transmission of this 
disease etc. were included (see Appendix I) . It was presumed that 
possibly dogs serve as a potential definitive host and are 
responsible for the transmission of this disease. The question-
aire was given to various classes of the society and the data thus 
obtained was analyzed on the basis of education, economic status 
and religion of the people. 
III. DEVELOPMENT OF E.GRANULOSUS IN DOGS: 
It was observed in epidemiological study that the rate of 
fertility of the cysts from lung and liver showed considerable 
variation. Therefore, the protoscoleces isolated from these 
habitats of buffalo were used in order to investigate the 
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differences in the rate of development under experimental 
conditions. 
For this study 10 -12 weeks old puppies, preferably of the 
same litter were collected from the University campus and 
maintained on a controlled diet. The puppies were treated with 
Mebex (Mebendazole, Cipla, Bombay) to remove hookworm infection, 
if any. After two weeks of Mebex treatment the puppies received 10 
(R) 
mg Droncit (Praziquantel, Bayer, Germany) per kg body weight in 
order to eliminate any possible naturally acquired Echinococcus 
infection. 
The experimental design is essentially the same as described 
by Thompson (1977 a) for the characterization of British horse and 
sheep strains. The puppies were divided into several groups and 
each group received protoscoleces from the same batch of hydatid 
material. Protoscoleces were collected from liver and lung hydatid 
cysts of naturally infected Indian water buffalo CBubalus 
bubalis). The process of isolation of protoscoleces was the same 
as described by Smyth and Davies (1974). The cysts and surface of 
associated infected organ were coated twice with alcoholic iodine 
(1% iodine in 95% ethanol), thereafter, the cysts were opened and 
protoscoleces were collected as described previously. 
The experimental puppies were divided in 10 groups, 5 of 
them received protoscoleces from lung and the remaining five were 
given protoscoleces of liver origin. Before giving the infection 
puppies were starved for 18 hrs, and thereafter infection was 
given orally in gelatin capsule containing 0.1 ml packed volume of 
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protoscoleces (approximately 28,000). Immediately before giving 
infection the viability of protoscoleces was checked by using the 
methods as described earlier. In order to find out the effect of 
viability on worm recovery, protoscoleces of different viability 
(65-96%) were used. In addition to this, age of the host as a 
factor in susceptibility to infection was also examined by using 
puppies of different age groups. In total 46 puppies were 
experimentally infected after standardization of the age groups of 
puppies. The experimental puppies were sacrificed at 4 days 
interval and the growth, segmentation, organogenesis and 
maturation of recovered worms were examined and compared to 
determine the possible developmental differences between the two 
isolates (protoscoleces of liver and lung hydatid cyst), and 
hereafter referred to as lung and liver isolates. 
Autopsy And Worm Recovery; Infected puppies were starved for 12 
hrs prior to autopsy and sacrificed after intravenous injection of 
pentabarbital sodium (PLC, U.K.) at a dose of 1 ml/2.5 kg body 
weight. 
The procedure used for the recovery of worms for assessment 
of growth was same as described by Thompson (1977 a) . The body 
cavity of puppies was opened quickly to take out a small piece of 
small intestine of about 7 - 8 cm, ligated and Bouin's fixative 
was injected. The ligated portion was then removed, and placed in 
a container of Bouin's fixative for histological studies. The 
remaining portion of small intestine was removed in totg, incised 
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longitudinally and was placed in 1 litre jar containing Hank's 
balanced salt solution (HBSS) for 30 min at 37 C. During this 
period the worms were detached from the gut mucosa. If worms were 
not found, the mucosa was scrapped and scrappings were examined. 
The recovered worms were not counted if the total number of worms 
apparently exceeds 1,000 (considered as heavier infection), while 
in lighter infection total counts were made from several samples. 
The detached worms were placed in vials of Hank's medium at room 
temperature and were allowed to relax for a further 30 min before 
fixation. All worms were fixed in 10% neutral buffered formalin 
and morphometric observations were made on the fixed material by 
using previously caliberated occulomicrometer. At this stage 
maximum care was taken in handling the material as formalin has no 
ovicidal activity (Hercus et. aX., 1962). Different stages of 
maturation were observed on whole mounts of the worms, stained in 
acidified Gower's Carmine. 
To study the growth, segmentation and maturation, about 200 
worms recovered at different time intervals were examined in each 
case. The maximum number of worms showing a particular stage of 
development and increase in length with respect to time interval 
was used for line diagram. The data on grwoth in terms of total 
worm length was subjected to statistical analysis according to the 
methods described by Sokal and Rohlf (1981). 
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IV. CROSS TRANSMISSION EXPERIMENTS: 
For the study of cross infectivity, the mature worms 
recovered from the autopsied puppies were checked microscopically 
for the presence of gravid segment containing shelled eggs and two 
male goats were orally infected with 5 gravid segments of E. 
granulosus in gelatin capsule. One goat kid was infected with the 
gravid segment (40 days old) originally developed from lung 
isolates while the other was infected with liver isolates 
(42 days old) of buffalo origin. Both the goats were kept on 
controlled diet, and were sacrificed after one year of post 
infection. Various organs like, liver, lung, spleen and kidney 
were' checked thoroughly for the presence of hydatid cysts. The 
number, shape, size, condition and loaction of the cysts were 
recorded and fixed in Bouin's fixative for histological 
examination. 
V. HISTOPATHOLOGICAL AND HISTOCHEMICAL STUDIES: 
The intestine of infected (16, 24, 32 and 40 days p.i.) and 
non - infected dogs, as well as hydatid cysts recovered from the 
experimentally infected goats were processed for various histoche-
mical and histopathological changes due to Echinococcus infection. 
The formalin fixed 32, 36 and 40 days old worms were also used to 
examine the changes in the worms during the course of development. 
After fixation, the material was dehydrated through 
ascending grades of alcohol and cleared in xylene for about 30 
min. Infiltration of paraffin wax was carried out in two changes 
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of 10 min each at 56 C and then the materials were eimbeded in the 
parafffin wax. 
Section Cutting; Sections of 2-5 }im thickness were cut on a rotary 
microtome and were floated on water drops on the albumin coated 
slides, stretched by warming the slide on a stretching box. The 
slides were dried and used for various histochemical tests. 
Specific histochemical tests for acid mucopolysaccharide and 
collagen were performed as described by Pearse (1975) . The 
pathological events associated with tissues, were examined in the 
eosin and haemotoxyline stained sections, 
Microphotography: All the microphotographs were taken on a 
trinocular microscope attached with Cannon AE 1 Camera using 100 
ASA Kodak colour film. Photographs showing only the major changes 
were included. 
VI. PATHOPHYSIOLOGICAL STUDIES: 
Experimental infection of E^ ^ granulosus were maintained in 
dogs as described earlier. There were two groups of puppies, one 
group was infected while other served as control. The blood 
samples were collected from the jugular vein of anaesthetized 
animals at 8 days intervals. Blood was collected in sterile 
universals with and without anticoagulant (EDTA) and kept at room 
temperature for 4 hrs. Sera samples were collected from the 
coagulated blood following centrifugation at 3000 x g in an lEC 
refrigerated centrifuge, and stored at - 2 0 C. The sera were used 
58 
for the estimation of various enzymes and proteins (albumin and 
globulin) . The non - coagulated blood samples were used for 
haematological studies. 
(a) Transaminases; Glutamate oxaloacetate (GOT, EC: 2.6.1.1) and 
Glutamate pyruvate transaminases (GPT, EC: 2.6.1.2) were analyzed 
in the sera of infected and uninfected animals. The activity of 
these enzymes were assayed spectrophotometrically at 54 6 nm by the 
method of Reitman and Frankel (1956). These enzymes catalyze the 
transfer of CTC-amino groups from specific amino acids to c^-
ketoglutaric acid to yield glutamic acid and oxaloacetic acid or 
pyruvic acid. These ketoacids are then determined colorimetric-
ally after their reaction with, 2,4-dinitrophenyl- hydrazine. The 
incubation mixture for the assay of GOT contained 1 ml of buffer 
substrate solution (80 mM phosphate buffer, pH 7.4, 80 mM L-
aspartate, 1.6 mM 2-oxoglutarate) and 0.2 ml serum which was 
o incubated exactly for 60 m m at 37 C in a water bath. The enzyme 
reaction was stopped by mixing 1.0 ml (0.45 mM) 2,4-dinitrophyenyl 
hydrazine. After 2 0 min of incubation at room temperature, 10 ml 
NaOH (0.33 mM) was added to the reaction mixture and reading was 
taken after 5 min at 546 nm against blank containing distilled 
water. 
In the assay of GPT, DL -alanine was used as a substrate 
and the assay mixture was incubated for 3 0 min, rest of the 
procedure was same as described above. The activities of GOT and 
GPT were determined directly from the caliberation curves prepared 
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using different concentrations of 2 mM sodivim pyruvate. 
(b) Lactate Dehydrogenase (LDH, E. C; 1.1.1.27) : The enzyme 
activity was assayed by the method of Bergmeyer and Bernt (1974). 
The assay mixture (total volume 3.15 ml) contained 48 mM phosphate 
buffer (pH 7.5), 0.6 mM sodium pyruvate, 0.18 mM NADH and 0.1 ml 
of serum sample. The change in extinction was recorded at 1, 2 and 
3 min at 340 nm. An extinction coefficient value of 6.22 was 
employed for NADH at 340 nm for calculation. 
(c) Acid And Alkaline Phosphatases; These phosphatases were 
determined by the method of Bergmeyer et aj,. (1974) . For acid 
phosphatase (EC 3.1.3.2) the assay mixture of total volume 1.1 ml, 
contained 0.8 ml of 0.05 M acetate buffer, (pH 5.0) with 8 mM 
substrate (p-nitrophenyl phosphate, Sigma Chemical Co. U.S.A) and 
0.3 ml of protein sample. The alkaline phosphatase (E.C: 3.1.3.1) 
activity was determined in a reaction mixture of total volume 1.2 
ml, containing l ml of 0.05 M glycine-NaOH buffer (pH 9.5), 5 mM 
substrate to which 0.2 ml protein sample was added. In both 
assays, the reaction was allowed for 30 min at 37 C and stopped by 
adding 0.02 M NaOH. The liberated p-nitrophenol was measured at 
410 nm. The activity was determined with reference to a previously 
prepared standard curve of known concentrations of p- nitrophenol. 
(d) Ser\im Proteins; Albumin and globulins were also assayed in the 
sera collected from infected and uninfected animals. The globulins 
were separated from the sera by precipitating them with 35 - 40% 
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saturated ammonium sulfate and the albumin was estimated in the 
supernatant as described by Dubey (1983). 
Enzyme Unit; The activities of all enzymes have been expressed in 
international unit (lU) per liter. One international unit of an 
enzyme is defined as that amount of enzyme that will convert 1 
>imole of substrate/NADH per min under the specified conditions of 
the procedure. 
VII. HAEMATOLOGICAL STUDIES: 
Blood with anticoagulant collected from dogs at different 
stages of infection were used for various haematological 
investigations like total blood cells (RBC & WBC) count, 
differential leucocyte count (DLC), packed cell volume (PCV), and 
haemoglobin content. 
(a) Counting of Total Blood Cells (RBC & WBC); The total blood 
cells count was carried out with the help of Neubauer 
haemocytometer. Thoma pipette was used for the blood dilution. In 
RBC counting the pipette was . caliberated into 101 units while, 
for WBC it was caliberated upto 11. The blood samples were diluted 
in the ratio of 1: 200 with Hyem's fluid (containing mercuric 
chloride 0.25%, sodium chloride 0.5% and Sodium Sulphate 2.5% in 
D.D. water) and 1:20 with Turk's fluid (containing 2% concentrated 
glacial acetic acid and 0.01% aqueous gentian violet) for RBC and 
WBC count respectively. The counting procedure of blood cells was 
essentially the same as described by Macinnis and Voge (1970). 
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(b) Differential Leucocyte Counts (PLC) ; For differential 
leucocyte counts, blood film was prepared on clean dry glass 
slides. The slides then stained with Geimsa's stain and different 
cells were counted as described by Macinnis and Voge (1970). 
(c) Packed Cell Volume (PCV); Packed cell volume was determined by 
the macromethod as described by Wintrobe (1967). The Wintrobe tube 
was filled with blood and the level was adjusted to the zero mark. 
Care was taken to avoid trapping of air bubbles during the filling 
of blood in the tubes. The tubes were then centrifuged at 3 000 rpm 
for 15 min and the PCV was calculated by the following formula: 
Height of packed cell column (mm) 
Packed Cell Volume = x 100 
Total height of column (mm) 
(d) Total Haemoglobin Content: Total percent haemoglobin (Hb) was 
estimated by the haemoglobincyanide method as described in the 
manual of WHO (Anon, 1978).The freshly collected blood of known 
volume (0.02 ml) was mixed with 5 ml of reagent. The mixture was 
allowed to stand for at least three minutes, and the absorbance 
was taken at 54 0 nm after setting the spectrophotometer to zero 
with distilled water. The haemoglobin content was determined with 
reference to a standard curve prepared as described in the manual 
of WHO (Anon, 1978) . The reagents contained the following 
chemicals: 
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Potassium ferricyanide (K 3 Fe (CN) 6) == 200 mg. 
Potassium cyanide (KCN) 2 == 50 mg. 
Potassium dihydrogen Phosphate (KH2P04) = 140 mg. 
Nonidet P-40 =0.5 ml 
Double distilled water •= 1 litre 
pH =7-7.4. 
Further, the mean corpuscular haemoglobin concentration 
(MCHC) and mean corpuscular volume (MCV), were calculated by the 
following formula as described in Richsterich (1969): 
Haemoglobin (g/100 ml) x 100 
MCHC = g/100 ml erythrocyte 
Packed cell volume (%) 
MCV 
Packed cell volume (%) x 10 
6 3 
Red cell count (10 /mm ) 
yum 
VIII. BIOCHEMICAL COMPOSITION OF PROTOSCOLECES AND DIFFERENT 
DEVELOPMENTAL STAGES: 
The protoscoleces from buffalo liver and lung cysts were 
isolated by the same method as described earlier. Freshly isolated 
protoscoleces were pooled from different cysts, washed several 
times in Hank's saline (pH, 2.0) containing 0.5% pepsin (w/v). The 
hydatid cyst material was then subjected to pepsin digestion for 
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the isolation of pure protoscoleces according to the method of 
Smyth and Davies (1975). Thereafter, protoscoleces were finally 
rinsed several times in Hank's saline, pelleted, weighed and used 
for estimation of various biochemical components. 
Different developmental stages were also collected from 
puppies experimentally infected with protoscoleces of buffalo 
liver and lung cysts. The freshly isolated 16, 24, 32, and 40 days 
old worms were used for biochemical estimations. The recovered 
worms were washed several times in Hank's medium before being used 
for various biochemical estimations. 
(a) Glycocren Assay; The alkali soluble glycogen was extracted and 
estimated by the anthrone method of Roe and Dailey (1966). For the 
extraction of glycogen, the materials of known weight were 
digested in 3 ml of 1 N NaOH in test tubes which were incubated in 
a boiling water bath for 30 min and shaken occasionally to 
facilitate disintegration of tissue. After complete digestion, the 
tubes were brought to room temperature and 6 ml of 1 N perchloric 
acid was added and shaken vigorously, and then allowed to stand 
for 15 min. The contents of the tubes were centrifuged at 1500 xg 
for 10 min and the precipitated protein was discarded. To the 
supernatant, 5 ml of 95% ethyl alcohol containing 0.1% lithium 
chloride was added and thoroughly mixed. The tubes were allowed to 
stand overnight at room temperature for glycogen precipitation and 
thereafter centrifuged at 1500 xg for 10 min. The supernanant was 
discarded and the glycogen pellet was washed twice with 95% 
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ethanol containing 0.1% lithium chloride. Finally, the 
precipitated glycogen was allowed to stand for few hours for 
ethanol evaporation and then dissolved in known volume of double 
distilled water. 
To estimate the glycogen content suitable aliquots were 
added to 4 ml of anthrone reagent (containing 0.05% anthrone, 3% 
thiourea, and 72% by volume cone, H2S04) . The tubes were then 
placed in a boiling water bath for 15 min and cooled before taking 
the absorbance against a reagent blank at 62 0 nm on spectrophoto-
meter (Spectronic 1001, Bausch and Lomb, USA). Glycogen content 
was calculated with reference to a caliberation curve, prepared by 
the knwon amount of rabbit liver glycogen (Sigma Chemical Company, 
USA) . 
(b) Protein Assay; Total protein content of the fresh homogenate 
was estimated by the dye binding method of Spector (1978). 
Parasites of known wet weight were homogenized in 0.1 N NaOH, in a 
teflon tissue homogenizer. Following homogenization the debris was 
removed by centrifugation at 1000 x g and the supernatant was used 
for protein estimation. The dye binding reagent consist of 
Coomassie Brilliant Blue G-250 dye (0.01%), phosphoric acid (10%) 
and ethanol (5%). The protein content is measured linearly in the 
range of 1.0 - 10 /jg in 2.1 ml of total assay volume at 595 nm. 
The bovine serum albumin (BSA) prepared in 0.1 N NaOH was used as 
standard. 
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(c) Nucleic Acids Assay; For the extraction of RNA and DNA, 
parasite of known wet weight (approximately 0.5 cjm) was homogen-
ized in 3 ml of 0.5 N perchloric acid (HC104) and transferred to a 
stoppered test tube by washing with 1-2 ml of 0.5 N HC104. The 
o 
homogenates were heated in a water bath at 90 C for 2 0 minutes. 
After cooling, the mixtures were centrifuged for 10 minutes at 500 
xg and the supernatant was transferred to conical flask and the 
final volume made up to 10 ml with 0.5 N HC104. This stock 
solution was used for the estimation of RNA and DNA. 
(i) Ribonucleic Acid (RNA) ; The total RNA was estimated by the 
method of Dische (1935). A total of 2 ml sample was taken from 
the stock and 4 ml freshly prepared Orcinol reagent (containing 
19.466 mg FeC13, 100 ml HCl and 3.5 ml of 6% Orcinol in absolute 
o 
ethanol) was added. The tubes were incubated at 100 C for 5 min 
and after cooling, the colour was read at 665 nm against the 
reagent blank. The total RNA content was calculated from a 
previously prepared standard curve using purified RNA (Sigma 
Chemical Co., USA). 
(ii) Deoxyribonucleic Acid (DNA) : Total DNA was estimated by the 
method of Giles and Myers (1965). Aliguots of 2 ml samples were 
taken in stoppered tubes in which 4 ml of Burton's diphenylamine 
reagent (containing 1.5 gm diphenylamine in 100 ml glacial acetic 
acid and 0.5 ml of 1.6% acetaldehyde solution) was added. The 
0 
tubes were incubated overnight at 30 C for 12-16 h,, The colour was 
read against the reagent blank at 600 nm. A standard curve was 
66 
prepared for the calculation of total DNA content using purified 
DNA (Sigma Chemical Co.,USA). 
(d) Assay of Total Lipids; The total lipid contents were extracted 
by the method of Folch et al., (1957) as modified by Misra (1968). 
The parasite material of known wet weight were kespt overnight in 
20 fold volume of chloroform:methanol (2:1 v/v), following which 
the parasites were homogenized in the same solvent medium. The 
residue was then removed by centrifugation at 400 x g for 5 min 
which was again re-extracted with chloroform : methanol (2:1) and 
both the supernatants were combined. To the chloroform:methanol 
extract, 0.2 ml of 0.88% KCl was added, mixed and allowed to 
separate into two phases. The lower phase was evaporated to 
o . . . 
dryness jin vacuo at 45 C. The dried lipids were then dissolved m 
known volumes of chloroform and suitable aliquots were taken for 
the estimation of total lipids and its fractions. 
The total extracted lipids were estimated by the method of 
Zollner and Krisch (19 62) . To 1 ml of extracted lipids, 4 ml of 
concentrated H2S04 was added. After shaking, the tubes were boiled 
for 10 min then cooled to room temperature. Suitable aliquots were 
taken and 4 ml of Zollner reagent ( containing 13 itiM vanillin in 
14 M ortho -phosphoric acid) was added. A reagent blank was also 
prepared simultaneously by using H2S04 and Zollner reagent. Both 
test and blank tubes were kept at room temperature for 3 0 min. The 
colour was read against the reagent blank at 530 nm. The total 
lipids were calculated from a previously prepared calibration 
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curve using a standard lipid of known concentration. 
(e) Analysis of Lipid Fractions: 
(i) Total Cholesterol; Total cholesterol was estimated by the 
method of Sackett (1925). To the suitable aliquots of lipid 
extract 5 ml of chloroform was added and shaken vigorously for 
some time, later 2 ml of ice-cold acetic anhydride and cone. H2S04 
in the ratio of 20:1 was added and kept in the dark at room 
temperature. After 15 min the green colour wcis read against 
reagent blank at 680 nm. The total cholesterol was calculated from 
the standard curve prepared by using known amount of cholesterol 
in chloroform. 
(ii) Total Triglycerides; Total triglycerides were determined by 
the method of Van Handel and Zilversmit (1957). Extracted lipid 
sample was placed in stoppered flask containing 4 gm Zeocarb 225 
and was moistened with 2 ml chloroform. The mixture was shaken 
intermittently for 1 h at room temperature. Suitable quantity of 
aliquots were taken into stoppered tubes except in the blank in 
o 
which only chloroform was taken. The tubes were kept at 60-70 C 
for evaporation of chloroform for 15 min, thereafter, 0.5 ml of 
0.4% alcoholic KOH (w/v) and 0.5 ml of 0.2N H2S04 were added. 
Alcohol was evaporated by keeping the tubes for 15 min, in boiling 
water bath. After cooling, triglyceride content was determined by 
periodate oxidation. To the tubes, 0.1 ml of 0.5 M sodium 
periodate solution was added and the oxidation was stopped exactly 
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after 10 min by the addition of 0.1 ml of 0.5 M sodium arsenite. 
A yellow colour of iodine appeared, which disappeared within few 
minutes, then 9 ml of 0.24% (w/v) chromotropic acid reagent (in 
H2S04 and H20, 2:1 v/v) was added and heated for exactly 30 min in 
a boiling water-bath. The colour was read against reagent blank at 
570 nm. The quantity of triglycerides was represented in terms of 
weight of mustard oil which was used as a standard for the 
calibration curve. 
(iii) Total Free Fatty Acids; Free fatty acids (FFA) were 
determined by the method of Lowry and Tinsley (1976). Suitable 
aliquots from extracted lipids were taken into stoppered tubes and 
evaporated to dryness. In each tube including the blank 5 ml of 
benzene was added and the tubes were shaken to dissolve the dried 
residue. The mixture was warmed slightly and subsequently 1 ml of 
cupric acetate pyridine reagent was added (5% aqueous cupric 
acetate solution was filtered and pH was adjusted to 6 - 6.2 with 
pyridine). The tubes were shaken for 2 min and centrifuged for 5 
min, the lower layer was discarded. The blue colour was read 
against reagent blank at 715 nm. The known amount of palmitic acid 
was used as standard. 
(iv) Total Phospholipids; Total phospholipids were determined by 
estimating the phosphorus according to the method of Rouser et al; 
(1970). The amount of phospholipid is calculated by multiplying 
the values of phospholipids found in the sample by the factor 25 
(Christie, 1982), 
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(f) Fractionation of Phospholipids By TLC: Phospholipids were 
further fractionated by the method of Skipsky et ai, (19 64) on 
clean thin layer chromatographic glass plates of 20 x 20 cm 
(Griffin & George, Great Britain), which were coated with a slurry 
of silica gel G, containing 13% CaS04 as binder. A uniform layer 
(about 1mm thick) prepared by vigorously shaking required amount 
of silica gel G with approximately double amount of double 
distilled water. The plates were left to dry at room temperature 
for 2 hrs. They were activated m an oven at 110 C for 1 h before 
use. Known amount of unknown samples were applied 2-4 cm from the 
bottom edge of the plates as spots of 3-4 mm in diameter. The 
solvent was allowed to evaporate and the plates were then placed 
in developing tank of 23 x23 x7.5 cm size containing chloroform: 
methanol: water (65 : 25 : 4, v/v/v) as the solvent system. The 
plate was removed and air dried at room temperature for 20 min. 
The standard phospholipids mixture containing lysophosphatidylcho-
line, sphingomyelin, phosphatidylcholine, lysophosphatidylethanol-
amine, and phosphatidylethanolamine obtained from V. P. Chest 
Institute Delhi, was also run simultaneously on the same plate. 
Following the migration was completed, the spots of standard 
phospholipids were visualized with a stream of iodine vapours, 
obtained by keeping iodine crystals in pasteur pipette. The sample 
spots were then scrapped off from the plate by marking the areas 
parallel to each of the known standard spot by placing a drop of 
double distilled water. The eluted spots were transferred into the 
tubes containing chloroform and then cetnrifuged. This process 
70 
was repeated three times so as to obtain complete phospholipid 
fractions. The areas in which there were no spots were also 
removed to be used as a blank. After centrifugation the 
supernatants were taken and their concentrations were determined 
by the estimation of phosphorus as described above,. 
IX. ENZYME ANALYSIS: 
Besides the major biochemical components, some enzymes (SDH, 
LDH, GOT, GPT, AcPase and AlPase) were also analyzed in the 
different developmental stages. The methods of various enzyme 
assays except succinic dehydrogenase are essentially the same as 
described in the pathophysiologySection. 
Succinic Dehydrogenase (SDH) [EC 1.3.99.11; The activity of SDH 
was determined by the method of Prichard and Schofield (1968) 
using fumarate as substrate. The total volume of reaction mixture 
was 3.0 ml, containing 1.5 ml of 42 mM phosphate buffer (pH, 7.6), 
0.2 ml of 33 ;aM CaC12, 0.2 ml of 1.7 mM MgC12, 0.1 ml of 57 ^iM 
NADH, 0.5 ml of protein sample. The reaction was started by adding 
0.5 ml of 3 3 mM fumarate at room temperature and the activity was 
determined by the decrease in extinction at 340 nm for 12 min. 
Enzyme Activity; The specific enzyme activity has been expressed 
as /umole of NADH oxidized per mg protein per minute. 
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X. ELECTROPHORETIC ANALYSIS OF SOLUBLE PROTEINS: 
In order to study the protein polymorphism, protoscoleces of 
buffalo liver and lung origin and different developmental stages 
(16, 24, 32 and 40 days old) have been used. The wahsed 
protoscoleces and developmental steges were homogenized in O.IM 
phosphate buffer (pH 7.4) containing 0.25 M sucrose, in a glass-
teflon tissue homogenizer with a motor driven pestle. The 
homogenates were centrifuged at 1000 x g for 10 min to remove 
debris and unbroken cells. Protein concentration of the samples 
was determined by the method of Specter (1978). 
(a) SDS Polyacrylamide Gradient Gel Electrophoresis (SDS Gradient 
- PAGE): The electrophoresis of proteins in presence of SDS 
was carried out as described by Laemmli (1970) with some minor 
modifications. The samples were prepared by dissolving known 
amount of protein in Laemmli's sample buffer containing 2% SDS, 5% 
B mercaptoethanol, 10% Aq. bromophenol blue in 0.12 M Tris-HCl 
buffer (pH, 6.75). The separating gels were prepared by a linear 
gradient of 7-15% acrylamide solution in a gradient maker 
(Pharmacia LKB Sweden) which was allowed to polymerize at room 
temperature for about 45 min. Following polymerization it was 
overlayed with freshly prepared stacking gel solution consisting 
of 4% acrylamide. 
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Preparation of solutions; 
(a) Acrylamide; 
Acrylamide - 3 0.0 g 
Methylenebisacrylamide - 0.80 g 
Final volume made to 100 ml with double distilled water (DDW). 
(b) stacking Gel Buffer; 
Tris - 5.98 g 
Temed - 0.4 6 ml 
SDS - 0.80 g 
Dissolved in 80 ml of DDW, adjusted to pH 6.8 with IN HCl and made 
to 100 ml with DDW. 
(c) Separating Gel Buffer; 
Tris - 36.30 g 
Temed - 0.2 3 ml 
SDS - 0.80 g 
Dissolved in 80 ml DDW, adjusted to pH 8.9 with IN HCl and made to 
100 ml with DDW. 
(d) Running Buffer; 
Tris - 9.09 g 
Glycine - 43.20 g 
SDS - 3.00 g 
Dissolved in DDW, adjusted to pH 8.3 with IN HCl and made to 1 
litre with DDW. For use diluted to 1:2 with DDW. 
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(e) Laemmli's Sample Buffer; 
Tris - 0.968 g 
SDS - 2.00 g 
B Mercaptoethanol - 5.00 ml 
Glycerol - 10% (w/v) 
Dissolved in DDW, adjusted to pH 6.8 and made to 100 ml with DDW. 
(f) Ammonitun Per Sulphate (APS) ; 
10% Freshly prepared solution in DDW was used. 
The separating gradient (7 to 15%) gel and stacking gel (4%) 
were prepared by taking the appropriate volumes of acrylamide, 
buffer and distilled water as follows: 
Solutions il Gel 7^ Gel 15^ Gel 
1. Acrylamide (a) 2.00 ml 4.67 ml 10.0 ml 
2. Buffer 2.0 ml (b) 3.10 ml(c) 3.10 ml(c) 
3. DDW 10.80 ml 12.23 ml 6.90 ml 
4. APS (f) 200.0/ul 20.0 yul 20.0 yul 
Gel Preparation And Electrophoresis: Freshly prepared ammonium 
persulphate was added in separating gel solution and mixed 
thoroughly before pouring into the chambers of gradient gel maker. 
The gel solution was poured into the glass plates mould (160 x 180 
mm,) using 0.75 mm thick spacers. Once the solution was poured, it 
was carefully overlayed with few drops of distilled water and left 
for polymerization at room temperatrue for 45 min. After the 
polymerization, distilled water was aspirated and then 4% stacking 
1& 
gel was prepared. The thickness of gel slab was 1.5 mm, with 160 
mm total gel length (consisting of 30 mm stacking gel and 130 mm 
gradient separating gel. 
Before carrying out electrophoresis all the protein samples 
were boiled in Laemmli's sample buffer for 5 min in a water bath 
premaintained at 100 C. The electrophoresis was carried out by 
using Pharmacia - LKB 2001 vertical electrophoresis unit with 
2197 power supply. The gels were pre-run at 30 mi^^ for 30 min, 
after which the power was disconnected. The samples containing 
80-100 /ig protein were applied separately on each lane by sample 
applicator. After sample application the electrophoresis was 
carried out at 30 mA per slab gel until the tracking dye reached 
to 5.0 mm above the anodic end which takes about 3.30 hrs. To 
minimize the heat effect, the temperature of the system was 
o 
maintained at 5 C by Multitemp II thermostatic circulator 
(Pharmacia -LKB). The standard molecular weight markers were also 
run simultaneously. The low molecular weight standard, markers 
purchased from Pharmacia, contained the following highly 
purified proteins, Phosphorylase (94 KD) , Albumin (67.0 KD) , 
Ovalbumin (43 KD) , Carbonic anhydrase (30KD), Trypsin inhibitor, 
(20.1 KD), and Lactalbumin (14.4 KD). 
After completion of electrophoresis the side spacer and 
glass plates were removed and the gels were fixed in methanol, 
acetic acid and double distilled water mixed in the ratio of 
45:10:45, for l h at room temperature. The gels were stained for 2 
h in 0.25% Coomassie Brilliant Blue R - 250 (Sigma Chemical 
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Company, USA) prepared in the fixative. The overstained gels were 
initially destained in the same fixative without dye and finally 
destained in methanol : acetic acid : double distilled water 
(5:7:88) until the background was clear and protein bands became 
distinct. The gels were photographed under transillumination with 
Canon AE-1 Camera using 100, ASA Kodak coloured film. 
Silver Staining: The polypeptides separated by SDS-PAGE were also 
silver stained by the method as described by Oakley et al. . 
(1980), which is about 10 times more sensitive than coomassie 
staining. The gel was prefixed with 12.5% trichloroacetic acid 
(w/v) in 65% methanol (v/v) for 1 h and then fixed in 10% 
glutaraldehyde (v/v) for l h. After brief washing with DDW for 2 h 
or overnight with several changes, the gel was treated with 
dithiothreitol (0.0005% w/v) and silver nitrate (0.1% w/v) for 30 
min in each. After quick rinse with DDW the gel was put in 
developer solution (3% Na2C03 + 50 /ul of 37% formaldehyde solution 
per 100 ml ) for 3-5 min. The reaction was stopped by adding 5 ml 
of 2.3 M citric acid per 100 ml of developer. After washing with 
DDW for about 30 min the gel was stored in 0.03% Na2C03. In 
silver stained gels high molecular weight standard markers 
purchased from Sigma Chemical Co. USA were used, which contained 
following highly purified protiens: Myosin (205 KD), B 
Galactosidase (116 Kd) , Phosphorylase (97.4 KD), Bovine serum 
albumin (66 KD), Ovalbumin (45 KD), Carbonic anhydrase (29 KD). 
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(b) Isoelectric Focussing (lEF) : The isoelectric focussing was 
performed according to O'Farrell (1975) with some modification, 
using LKB 2117 multiphore, with 2197, power supply (Pharmacia 
LKB) . All the chemicals used were purchased from Pharmacia Fine 
Chemical except urea and NP-4 0, which was purchased from Merck and 
BDH respectively. For isoelectric focussing gels were cast on 
glass plates (105 x 240 mm) using 1 mm thick spacer. To make 10 ml 
of gel mixture 5.5 g urea (9.5M) was added to 125 ml side arm 
flask then 1.33 ml stock acrylamide (30%, consisted of 28.38 gm 
w/v acrylamide, 1.62 gm (w/v) bis acrylamide), 2 ml of stock NP-
40 (10%, w/v in DDW) and 1.97 ml DDW were added. The flask was 
swirl to dissolve the urea then 0.4 ml and 0.1 ml ampholine with 
pH range 6 - 8 and 3-10 respectively (to make 2% ampholine) was 
added. The solution was degased under vacuum for about 1 min after 
addition of 10 /il of 10% ammonium persulphate (freshly prepared). 
Immediately after addition of 7 /il of TEMED, the solution was 
loaded onto the glass plates and overlayed with DDW. After 
polymerization the gel was transferred to thin glass plates. For 
easy transfer bind silane and repel silane (Pharmacia LKB) were 
applied on thin and thick glass plates respectively used for the 
formation of mould as described in Pharmacia instruction mannual. 
The glass plate alongwith the gel was transferred to cooling 
plate of the multiphore assembly which was maintained at 8 - 10 C 
by Multitemp II thermostatic circulator. The electrode strips 
soaked in cathodic (IM NaOH) and anodic (IM H3P04) solutions were 
positioned on the gel accordingly. The lEF gel was prefocussed at 
11 
5, 10 and 15 watt for 15, 3 0 and 3 0 min respectively. After 
prefocussing, samples containing approxi^^mately 120 /ig protein 
were loaded onto the gels by sample applicator strip and focussed 
at 20 watt for 30 min. Thereafter the sample applicator strips 
were removed and then again focussed at 2 5 watt for another 3 hrs. 
The standard Isoelectric Point (PI) markers containing 
Amyloglucosidase(pH, 3.50), Soyabean trypsin inhibitor (pH, 4.55), 
B-Lactoglobulin A (pH 5.2), Bovine carbonic anhydrase B(pH, 5.85), 
Human carbonic anhydrase B (pH, 6.55), Horse myoglobin (pH,7.35), 
Lentil lectin (pH, 8.15, 8.45, 8.65) and Trypsinogen (pH,9.30) 
were run simultaneously. 
After the completion of electrofocussing the wicks were 
removed and the gels were cut into several portions. One lane of 
gel was always kept vacant (without sample) for the measurement of 
pH gradient. The portion of gel without sample was cut into 0.5 cm 
pieces and transferred into tubes to which 2 ml cold DDW 
(previously boiled) was added. The tubes were kept at 4 C 
overnight and then pH was measured individually on Unitech pH 
meter (India) and used for plotting the standard curve. The other 
portions of the gel were used for staining of general proteins. 
Staining of General Proteins; Immediately after focussing, the 
portion of gel to be stained was fixed for 30 min in fixative, 
containing 3.46% (w/v) sulphosalicylic acid and 11.5% (w/v) 
trichloroacetic acid in DDW. After fixation the gel was washed 
with destaining solution (25% v/v methanol, 8% v/v acetic acid in 
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DDW) and then stained with Coomassie Brilliant Blue R-250 ( 0.5% 
w/v) prepared in destaining solution. The surface of the gel was 
carefully wiped by cotton wool soaked in destainiil? solution to 
remove any precipitated stain. The destaining v;as carried out 
until the background was clear and polypeptide bands became 
distinct. 
XI. GLUCOSE TRANSPORT KINETICS: 
The mode of glucose transport in the protoscoleces was 
studied by using the liquid scintillation counting procedure. 
Freshly isolated protoscoleces from brood capsule were preincuba-
ted in HBSS without glucose for 2 hrs. Following starvation 
protoscoleces were incubated in the same medium containing 
unlabelled and tritium labelled ( H) glucose (specific activity 
24 juci/Minole) . The post incubation procedure was carried out as 
described by Jeffs and Arme (1986), with some modifications. 
Radiolabelled glucose was obtained to which appropriate amount of 
unlabelled glucose was added to achieve the required molar 
concentration. Control were also run simultaneously without hot 
medium in all the experiments. 
The pre and post-incubations were performed at 37 i 2 C in a 
metabolic shaking water bath (60 cycles / min) . At the end of 
incubation period the medium was replaced by 10 ml ice cold HBSS 
devoid of labelled glucose and then the tubes were centrifuged at 
2100 X g for 5 min at 0 C. This procedure of washing was repeated 
four times, and was found to be sufficient to remove adherent 
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isotopes as suggested by Jeffs and Arme (1986). After final wash, 
the protoscoleces were dissolved overnight in 0.8 ml of IN NaOH at 
37 C. This solution was further divided into 2 x 0.4 ml aliquots. 
One aliquot was used for protein assay by the method of Spector 
(1978) and the remaining 0.4 ml was used for the assay of 
incorporated radiolabelled glucose. 
The NaOH solubilized aliquots were placed in scintillation 
vials to which 10 ml of cocktail ( Optiphase Hisafe 3 LSC, LKB) 
0 
was added. The vials were kept in the dark at 5 C overnight and 
before counting the vials were wiped with tissue paper soaked in 
ethanol to reduce static discharge. The radioactivity incorpor-
ated was counted in a Wallac 1410 Liquid Scintillation Counter 
(Pharmacia Wallac). In another experiment batches of 0.01 ml 
packed volume of fresh protoscoleces were weighed, then dried at 
0 
90 C, thereafter dry /wet weight ratios were calculated. 
Time Lapse Studies; In order to see the effect of incubation time 
on the uptake of glucose, 0.01 ml packed volume of larvae were 
incubated separately in 1 mM concentration of cold glucose 
alongwith hot glucose with radioactive concentration of 1 /ici/ml 
in incubation medium, for 2, 4, 6, 8, and 10 min in a shaking 
water bath at 37 ± 2 C. After completion of incubation period the 
parasite material was processed accordingly as described above. 
Effect of Different Concentrations; In order to see the effect of 
varying concentrations of glucose on the mode of transport by the 
protoscoleces, various concentrations ranging from 0.1 to ImM of 
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glucose were prepared in Hank's medium with final radioactive 
concentrations maintained at 1 ;aci/ml. known packed volume (0.01 
ml) of protoscoleces were incubated in the medium for 2 min at 37 
•t 2° C. Further, in order to test the effect of higher concentrat-
ions ranging from 1 to 14 mM, the solution was prepared by using 
both labelled and unlabelled glucose. The concentration of 
labelled glucose was kept constant and the remaining concentrat-
ions were made up by using unlabelled glucose in varying 
quantities to get the desired concentrations. The incorporated 
glucose was determined by counting radioactivity as described 
above. The maximum velocity of glucose uptake (Vmax) and the 
transport constant (kt) have been determined from the data 
obtained for the mediated uptake using the double reciprocal plots 
of Lineweaver and Burk (1934). 
Dnits; The specific activities of uptake and incorporation of 
glucose in the kinetic studies have been expressed as n moles of 
glucose incorporated per mg protein per 2 min. 
XII. SCANNING ELECTRON MICROSCOPY: 
The protoscoleces were collected from the lungs of naturally 
infected buffalo and their adult worms (40 days old) were obtained 
from experimentally infected dogs. The parasite materials were 
washed with HBSS and thereafter used for fixation as described by 
Irshadullah et ai.(1990). The material was fixed overnight at 4" C 
in 4% aqueous glutaraldehyde (pH 7.2). Subsequently they were 
washed in cold (4 C) O.IM cacodylate buffer (pH 7.4) without 
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sucrose, giving 3 x 8 0 min changes and were post fixed in 1% 
osmium tetraoxide in Millonig's buffer (pH 7.2) for 3h at 4^* C, and 
then transferred directly to 50% ethanol. The materials were 
dehydrated in graded series of ethanol (50% - 100%) for 30 min in 
each grade. After dehydration the specimens were transferred to 
100% acetone and critically dried using liquid C02 as the 
transitional fluid. The worms were then mounted on aluminium stubs 
using durafix and coated with gold by using polaron E 5000 sputter 
coating unit. The specimens were viewed at different resolutions 
using Jeol 35 CF Scanning Electron Microscope operating at 12/15 
KV. 
XIII. EFFECT OF VARIOUS DRUGS: 
(a) Topographical Effects; In order to observe the effect of 
various known anthelmintics, protoscoleces of lung origin were 
incubated with drugs under in vitro condition and the effect was 
monitored by scanning electron microscopy. The solvent of drugs 
and their concentrations are summarized in Table (1). 
Among various drugs, members of the benzimidazole group were 
dissolved in dimethyl sulphoxide (DMSO) which has been reported 
to be a safe drug solvent for helminths (Ahmad and Nizami, 1983). 
Besides this, other drugs like oxyclozanide, rafoxanide, 
nitroxynil, bithional, clorsulon were dissolved in ethanol. In 
addition to these closantel and monensin were dissolved in 
dimethyl formamide (DMF) and water respectively. Care was taken 
that the solvent concentration would remain constant as 3% ethanol 
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Table 1. Drugs concentration and their solvents. 
Group of 
the drugs 
Benzimidazole 
~ do — 
Salicylanilide 
~ do ~ 
~ do ~ 
Halogenated 
phenols 
~ do ~ 
Sulphonamide 
lonophores 
Drugs used 
Mebendazole 
Fenbendazole 
Closantel 
Rafoxanide 
Oxyclozanide 
Nitroxynil 
Bithional 
Clorsulon 
Monensin 
Solvent 
Medium 
DMSO 
- do -
DMF 
Ethanol 
- do -
- do -
- do -
- do -
Water 
Drug concentr-
ation (Mmole 
per ml of inc-
ubation medium) 
33.0 
33.0 
3,01 
2.04 
2.49 
1.72 
1.40 
1.32 
7.20 
X 
X 
X 
X 
X 
X 
X 
X 
X 
-2 
10 
-2 
10 
-3 
10 
-3 
10 
-3 
10 
-2 
10 
-2 
10 
-2 
10 
-3 
10 
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and 0.1% DMF and DMSO as the case may be in the f ina l incubation 
m i x t u r e . In every experiment s u i t a b l e c o n t r o l s were run 
simultaneonsly. 
Freshly i so la ted protoscoleces were washed and preincubated 
0 
m HBSS (without glucose) for 1 h at 37 + 2 C, After preincubation 
the worms were washed in two changes of HBSS (without glucose) and 
then incubated in HBSS (with glucose) with and without drugs for 
3h at 37 i 2 C. Controls were run simultaneously in HBSS contain-
ing only drug solvent. 
After incubation with drugs, the protoscoleces were isolated 
and washed thoroughly in HBSS and thereafter used for fixation and 
processed for SEM as described above. 
(b) Biochemical Effects; Freshly isolated protoscoleces of lung 
origin were wahsed and pelleted by centrifugation and incubated in 
10 ml of Hank's medium containing 10 mM glucose and anthelmintics. 
The concentraions of various drugs used are shown in Table (1) . 
Controls were run simultaneously without drugs. All incubations 
were carried out at 37 ± 2 C for 3 h. At the end of each 
incubation period, the medium was centrifuged at 3 000 x g for 10 
min to remove protoscoleces and debris. The supernatants of drug 
treated as well as control were used for the analysis of glucose 
uptake. The control supernatant was used also, for the estimation 
of lactic and pyruvic acid production. 
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(i) Glucose Estimation; Glucose was estimated by the Peroxidase 
Glucose Oxidase (PGO) enzymatic method (Raabo and Terkildsen, 
1960). The PGO reagent was prepared by dissolving the contents of 
one PGO capsule (containing 500 lU glucose oxidase, 100 
purpurogallin units of peroxidase and buffer salts) in 100 ml of 
double distilled water. To this solution 1.6 ml of 1% 0 - dianisi-
dine in 95% ethanol was added and stored at 4 C. Suitable aliquots 
were taken from the incubates and 5 ml of PGO reagent was added 
and thoroughly mixed on cyclomixer. The tubes were incubated at 37 
± 2 C for 3 0 min and the colour intensity was measured at 430 nm 
on Spectronic-1001. The differences in absorbance of control and 
experimental values gave the quantity of glucose uptake (utilized) 
by the parasite. The glucose content was determined with reference 
to a previously prepared standard curve. The values have been 
expressed as m mole/g wet weight of tissue/3h. 
(ii) Lactic Acid Estimation; Lactic acid was estimated by the 
method of Bergmeyer (1974). The typical assay mixtures contained 
glycine hydrazine buffer (0.43 M and 0.34 M respectively), 2.75 mM 
NAD, and the absorbance ( A El) was recorded at 340 nm on 
Spectronic-1001 after addition of deproteinized sample. Following 
the addition of LDH suspension ( 19 units/ml) the assay mixture 
was allowed to stand for 30 min at 37 ± 2^ C before taking the 
extinction (E2) value, A sample blank test was run simultaneosuly 
whose values were subtracted from the extincion difference value 
(AE) of the sample. The quantity of lactic acid was expressed as 
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p.mole/g wet weight of tissue/3h. 
(iii) Pyruvic Acid Estimation: Pyruvic acid in the incubation 
medium was estimated by the spectrophotometric method of Bergmeyer 
(1974) . The typical assay mixture contained 300 mM triethanolamine 
buffer (pH 7.4) containing 3inM EDTA, 0.1 mM NADH and incubation 
medium. The reaction was started by addition of LDH suspension 
(2.75 units/ ml) and the change in absorbance at 340 nm was 
recorded which indicated the utilization of NADH. The values were 
extrapolated to the time before and after LDH addition and 
differences in the absorbance was used for the calculation of 
pyruvate activity. The quantity of pyruvate was expressed as 
/amoles NADH oxidized/g wet weight of tissue/3h. 
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RESULTS 
I.HYDATIDOSIS IN LIVESTOCK: 
In order to investigate the prevalence of hydatidosis in 
livestock, a survey was carried out at the local abattoirs. It was 
observed that the buffaloes, sheep, goats, pigs and camels were 
found infected and considerable variations were noticed in the 
intensity and frequency of infection. The incidence of hydatidosis 
was found highest in buffaloes followed by sheep, pigs and goats 
respectively (Table 2) . 
A marked variation was noticed in the rate of infection of 
various organs. In buffalo and sheep the most preferred site of 
infection was lung. Contrary to this, in goats and pigs the liver 
was found to be the most preferred site for cyst development. 
Occasionally the heart, spleen and kidney were also found 
infected. The concurrent infections' of hydatid cysts were also 
observed in liver and lungs (Table 3). During the survey only two 
buffaloes were found to harbour infection in abdominal cavity with 
the involvement of liver and lungs. Exclusive abdominal infection 
was not observed in any animal although the heart was found 
infected in one buffalo. The cysts recovered from the abdominal 
cavity were of medium size and their appearance was more or less 
similar to the daughter cysts. Thus^ single organ infection was 
found to be more common than the concurrent infection involving 
different organs but the number of cysts in concurrent infection 
was obviously greater than single organ infection. It is evident 
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Table 2. Prevalence of hydatidosis in livestock slaughtered at 
Aligarh abattoir. 
S.No. 
1. 
2. 
3. 
4. 
5. 
Host species 
Buffalo 
Sheep 
Goats 
Pigs 
Camel 
No. of 
animals 
examined 
2710 
279 
1807 
801 
3 
No. of 
animals 
Infected 
990 
13 
34 
24 
2 
Percent total 
prevalence 
36.53 
4.66 
1.88 
2.99 
-
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from these results that the site preference in the intermediate 
hosts varies with the host species. The number of cysts recovered 
from different organs also varies with respect to hosts species. 
Maximum number of cysts were recovered from lungs of buffalo and 
sheep while in goats and pigs, the maximum number of cysts were 
recovered from liver (Table 4). 
Further, the rate of fertility, sterility and calcification 
also differed with respect to the habitat as well as host species. 
In buffaloes, the maximum number of fertile cysts were recovered 
from lungs in comparision to the liver in which the mean viability 
of protoscoleces was also lower. In contrast to this, not a single 
fertile cyst was recovered from sheep whereas 5 fertile cysts 
having 95% viable protoscoleces were recovered from the lungs of 
goat. Two fertile cysts each from lung and kidney were recovered 
from pigs which contain 98% and 96% viable protoscoleces 
respectively. This shows that the fertility rate is higher in lung 
cysts (Table 4). 
The size of the cysts also varied with respect to host and 
habitat. Most of the recovered cysts from various livestock were 
of very small size (0.1 - 2.0 cm) followed by small (2.5 - 4.0 cm) 
and medium size (4.5 - 7.0 cm) although some large ( 7.5 - 10 cm) 
and extra large ( > 10.5 cm) cysts were also recovered from 
buffalo (Table 5). However, in other livestock only medium sized 
cysts were recovered. During the survey the largest pulmonary and 
hepatic cysts of buffalo measured about 20 cm and 15 cm in 
diameter respectively. The smaller cysts were rarely fertile and 
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Table 5. Conditions of the hydatid cysts in relation to their 
diameter in liver and lungs of buffalo slaughtered at 
Aligarh. 
Liver Lungs 
Diameter F S C Total F S C Total 
of the 
cysts in 
cm 
0-2 18 507 106 631 23 822 135 980 
(2.85%) (2.34%) 
2.5-4.0 80 380 6 466 129 638 57 824 
(17.16%) (15.7%) 
4.5-7.0 78 181 3 262 155 191 - 346 
(29.77%) (44.8%) 
7.5-10 50 97 - 147 90 56 - 146 
(34.0%) (61.6%) 
> 10.5 27 2 0 - 4 7 48 7 - 55 
(57.44%) (87.27%) 
Total 253 1185 115 1553 445 1714 192 2351 
Values in parentheses show the percent fertility of the cysts. 
F = Fertile, S = Sterile C = Calcified. 
92 
the rate of fertility of both hepatic and pulmonary cysts 
increased with the increasing diameter of the cysts particularly 
in buffaloes (Fig. 3). Most of the fertile cysts were more than 7 
cm in diameter.Further, the volume of protoscoleces also increased 
as the diameter of the cysts increased with occasional individual 
variation and comparatively more protoscoleces were found in the 
hepatic than the pulmonary cysts (Fig. 4) . The cysts recovered 
from various livestock were unilocular and spherical in shape 
except 45 pulmonary and 80 hepatic cysts of buffaloes which were 
lobulated and contained daughter cysts. 
The frequency distribution of hydatid cysts in livestock 
was overdispersed. Majority of the buffaloes harboured 1-4 cysts, 
however, 5 buffaloes were found heavily infected and a total of 
335 cysts were recovered. Further, the fertility and viability rate 
of the cysts were not affected by the number of cysts per animal 
and thus no density dependent effect could be demonstrated (Fig. 
5). 
In contrast to the infection in buffaloes, most of the 
infected sheep and goats were found to harbour single cyst. Heavy 
infection was found only in 2 sheep and 3 goats and about 82% and 
67% of the total cysts were recovered from these animals respecti-
vely. Pigs were found less heavily infected than other animals 
(Fig. 6). 
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II. HYDATIDOSIS IN MAN: 
During the course of the present study, data on human 
hydatidosis were collected from the hospital records of four 
different medical colleges of Uttar Pradesh. The analysis of data 
revealed some important aspects of the prevalence of hydatid 
disease in human beings. Unfortunately the records of medical 
colleges were not maintained and catalogued properly according to 
the prescribed standard procedure of the international classifi-
cation of diseases (Anon, 1965). Therefore, it was decided to 
consider the total number of patients admitted to the general 
surgery ward as the population sample. 
Data analysis revealed that in Aligarh, Kanpur, Lucknow and 
Gorakhpur the patients were operated for hydatid cysts at the rate 
of 7.3, 8.5, 10.88 and 10.50 per 10,000 operations per year 
respectively (Table 6). 
The present data was further analysed on the basis of 
religion of patients and it was observed that the disease is more 
common among Hindus than Muslims. Out of 120 surgical operations 
96 Hindus and 24 Muslims were found infected which is 80% and 20% 
infection rate respectively (Table 7). 
It was also observed that the disease had different 
prevalence rate with respect to sex and age of the patients. More 
males were found infected in comparision to females. Middle age 
group (21-40 years) had greater infection rate than the younger 
and older age group (Fig. 7). Cysts were found in different organs 
but liver and lungs were more susceptible to infection. Out of 120 
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Table 7: Percent infection of human hydatidosis in various 
religious communities (1970-85).* 
Total Total 
number number 
Districts of of Hindus Hindus 
infec- infected 
ted 
persons 
%infection Total %infection 
among number among 
of Muslims 
Muslims 
infected 
Aligarh 
Kanpur 
13 
26 23 
30.76 
88.46 
69.23 
11.53 
Lucknow 67 57 85.07 10 14.95 
Gorakhpur 14 12 85.71 14.28 
Total 120 96 80 24 20 
* Data is based on the records of medical colleges, 
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hydatid patients, 65 had cysts only in liver, 23 in lungs and 8 
in both liver and lungs. In other organs like spleen, thyroid, 
brain, pancreas, eyes, left parietal region, and gall bladder 
infections were very low (Table 8). 
Further, in the hospital records the nature of hydatid cysts 
were not mentioned and therefore, the rate of fertility, sterility 
and calcification of the cysts could not be computed. The 
prevalence data of the present survey was compared with the 
previous studies carried out in different regions of the country 
and the results are presented in Table 9. It is evident that the 
prevalence rate of human hydatidosis is now showing an increasing 
trend in this country, particularly in Uttar Pradesh. 
Community Avareness; The data on community awareness about human 
hydatidosis was collected through a questionaire distributed among 
different sections of the community like, street vendours and 
students of medical, biological and non-biological sciences of 
different religious faiths. Analysis of the data revealed some 
important points which could be responsible for the disease 
prevalence. Most of the people surveyed did not personally owned 
dogs but found them useful in guarding their shops/houses and 
therefore fed them almost invariably outside the home. Very few 
people kept dogs inside their houses. The street dog population 
was observed around 45/sq. Km. Majority of the people were not in 
favour of destroying street dogs unless they cause any trouble. 
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Table 8. Percent distribution of hydatid cysts in various human 
organs* 
Organs No. of infected % infection 
individuals 
61.90 
21.90 
7.61 
1.90 
1.90 
0.95 
0.95 
0.95 
0.95 
0.95 
Liver 
Lungs 
Liver + Lungs 
Spleen 
Thyroid 
Brain 
Pancreas 
Eye 
Left parietal region 
Gall bladder 
Unknown 
65 
23 
8 
2 
2 
1 
1 
1 
1 
1 
15 
Total 120 
Percent infection is calculated on the basis of total no. of 
patients infected. 
* Data is based on the records of medical colleges. 
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Table 9. Review of available epidemiological data and compari-
sion with the present study of human hydatidosis in 
different states. 
State Period of Total Cases 
survey cases per year 
Andhra Pradesh 1955-56 5 2.5 
-do- 1957-58 19 9.5 
Jammu & Kashmir 1962 2 2.0 
-do- 1962-63 8 4.0 
Madras 1951-55 39 7.8 
-do- 1959-63 106 21.2 
Maharashtra 1942-45 10 2.5 
-do- 1956-61 17 2.8 
Uttar Pradesh 1962-64 4 1.33 
* 
-do- 1970-85 120 7.5 
Delhi 1948-55 21 2.6 
-do- 1962-65 96 24.0 
For individual reports see references in Irshadullah et al., 
(1989 b). 
* Present findings. 
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Survey among the street vendours revealed the lack of 
awareness about diseases spread by dogs except rabies and it was 
generally believed that if salt is given in the food of dogs they 
could not be dangerous. The student community of various faculties 
hold opinion that dogs are the source of various diseases but they 
were against the killing of dogs, probably due to their religious 
faith. The students of biological sciences had some knowledge 
about hydatidosis but medical students were some how ignorant 
about this disease. This may be due to prescribed course contents. 
Students of biology group are continuously in touch with the 
biology of parasites, whereas in medicine less emphasis is given 
to helminthic infection. 
III. DEVELOPMENTAL BIOLOGY: 
The results of the prevalence of hydatidosis reveal that the 
rate of fertility, sterility and calcification o:f liver and lung 
cysts varied considerably, particularly in buffalo. In order to 
find out the similarity and dissimilarity in the protoscoleces 
isolated from liver and lung cysts, the degree of infectivity, 
rate of development and prepatent period were investigated. 
(a) Degree of Infectivity; The results indicated that the degree 
of infectivity of both the isolates was more or less similar in 
dogs. In both set of experiments, the worms were found embeded in 
the crypts of LeiberkUhn and increased cellular infiltration was 
noticed at the site of attachment (Plate III, Fig. 2). 
Plate - III. Development of E. granulosus in experimental 
dogs. 
Figs. 
1. Freshly isolated protoscoleces (ps) with attached 
stalk (st), note the presence of calcareous 
corpuscles (arrows). 
2. Section of dog intestine showing E. granulosus 
attached with the crypts of Lieberkiihn (CI) after 
16 days post infection, increased cellular infil-
tration can be seen at the site of attachment 
(arrow). 
3. Adult E. granulosus, recovered form the small 
intestine of experimentally infected dog. The 
coin gives an idea of magnification. 
4. 5 days old worm. Note the disappearance of 
calcareous corpuscles. 
5. 16 days old worm showing 1st banding (ba) and 
genital rudiment (gr) . 
6. 20 days old worm of buffalo lung origin showing 
genital pore (arrow), testes (t) , ovary (o) and 
cirrus sac (c). 
7. 20 days old worm of buffalo liver origin showing 
ovary (o) and cirrus sac (c) . Note the differe-
nces in the development of reproductive organs as 
compared to the corresponding stage from lung 
origin. 
8. Gravid segment of 4 0 dyas old worm of lung origin 
showing shelled eggs (arrow). 
[Scale bars in all the figures measure : 20 jam] 
10? 
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(b) Effect of Protoscoleces Viability on Worm Recovery; It is 
evident from the Table (10) that the viability of protoscoleces 
markedly influences worm recovery. The maximum worms (>1,000) were 
recovered when the viability was 90 - 96% whereas, minimum worms 
were recovered when the viability was 65 - 70% (Table 10. , Plate 
III, Fig. 3). 
(c) Effect of Age of Puppies; In another set of experiment, 
puppies of different age groups were exposed to infection and it 
was observed that the maximum number of worms were recovered from 
the puppies of age group 3 - 4 months, whereas the worm recovery 
was lesser in the lower age groups (Table 11). 
(d) Growth, Segmentation And Maturation of E. granulosus: In the 
final set of experiments, the liver and lung origin protoscoleces 
(90 - 96% viablity) of buffalo were fed to puppies of age group 3-
4 months. The experimental animals were sacrificed at four days 
intervals and the recovered worms were used to study the rate of 
growth, segmentation, organogenesis and maturation. 
(i) Growth; Growth as determined by the total worm length, 
exhibited a steady, log-linear increase throughout the 42 days 
infection period. Both the isolates followed an almost identical 
growth curve with occasional minor differences (Fig. 8) . Further, 
the regression analysis of the growth rates indicate that the 
difference in regression coefficient was insignificant with each 
other. 
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Table 11. Influence of age of puppies on the development of E_, 
granulosus. 
Age group 
of the 
puppies 
(months) 
Dose of No. of worms 
protosc- recovered from 
oleces Li protoscoleces 
No. of worms 
recovered from 
Lu protoscoleces 
1 - 2 O.lml 
(28,000) 
377 + 50 329 + 45 
2 - 3 -do- 638 + 65 863 + 69 
3 - 4 -do- >1000 >1000 
Li = Liver, Lu = Lung, ±SEM 
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Fig.8 The growth (log mean total worm length) of E_. granulosus 
in dogs infected with protoscoleces from buffalo l i v e r (closed 
c i rc le ) and lung (open c i rc le ) or ig in . Fi t ted regress ion l ines 
are shown. 
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(ii) Segmentation (Strobilization) ; Complete evagination of 
protoscoleces and disappearance of calcareous corpuscles took 
place within 5 days post infection (p.i.) in both the isolates 
(Plate III, Figs. 1, 4). The worms of both liver and lung origin 
recovered at different intervals showed some differences , in the 
rate of segmentation. 
Segmentation was not observed till 12th day p.i. but on 
16th day the first banding appeared in most of the worms of both 
the isolates. This stage is recognized by a clear protoplasmic 
area in the region where the first segment is separated from the 
scolex (Plate III, Fig. 5) . On 20th day, majority of the worms 
from liver origin had 1st segment with banding while the second 
segment appeared on the 24th day. In contrast to this, the worms 
of lung origin had two complete segments on 20th day whereas, 
banding for the third segment appeared on 24th day. It was 
observed that the 3rd segment appeared on 28th day p.i. in both 
the isolates. Thus^ segmentation started from 16 day p.i. and 
continued till 28 day p.i. The 3 segment stage persisted till 40th 
day p.i. On the 4 2nd day banding for the new segment appeared in 
the neck region only in the worms of lung origin (Fig. 9). 
(ill) Organogenesis And Maturation: The results of organogenesis 
and maturation are summarized in Fig.(10). It was observed that 
with few exceptions organogenesis was more or less similar in both 
liver and lung isolates, which starts from the 16th day p.i. 
Complete reproductive system was observed in majority of the worms 
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Fig. The rate of growth, segmentation and maturation of E. granulosus 
in dogs infected with protoscoleces of l iver (A) and lung (B) origin. 
ps : protoscolex, ba : banding, gr : genital rudiment, t : testes, 
c : c i r rus sac, g ; genital pore, o : ovary, v : vitel l ine gland, 
ij ; u terus , uc : uterine ce l t s , use : unshelled eggs, gs : gravid 
segment, se shelled eggs. 
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LUNG 
LIVER 
Fig. 10 The rate of segmentation and maturation of E. granulosus from dogs 
infected with protoscoleces of buffalo l iver and lung origin at 
various time intervals. Stages - I : Protoscoleces, II : 1st 
banding, III : 2nd proglottid, IV : 3rd proglottid, V : Testes 
and ovaries, VI : Uterine cells, VII : LJnshelled eggs, VIII : 
Shelled eggs. 
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of lung and liver origin on 20th and 24th day respectively (Plate 
III, Figs. 6,7). In both the isolates the cirrus sac was pyriform 
and tilted anteriorly from the genital pore in the mature 
segments, while in gravid segments the cirrus sac was spherical 
and lay horizontal to the genital pore. The number of testes 
ranged from 23-34 and had an almost equal distribution anterior 
and posterior to the genital pore (Table 12) . The ovary was 
compact with less developed lobules. 
Most of the 28 days old worms had three segments in which 
anterior segment was immature containing the genital rudiment 
while second segment was under the process of maturation. The 
third segment was completely mature and showed dialation of the 
uterus. On 32nd day the uterine cells appeared which probably play 
a vital role in egg formation. On 3 6th day the eggs were observed 
but without embryophore, which was confirmed by histological study 
of 36 and 40 days old worms. The histological results revealed the 
absence of embryophore in 3 6 days old worms and the presence in 40 
and 42 days old worm of lung and liver isolates respectively 
(Plate IV, Figs. 3,4) . 
After 3 6 days, the maturation process becomes different in 
both the isolates. In the worms of liver origin thick shelled eggs 
(gravid segment) appeared on 42nd day whereas, the worms of lung 
origin had fully developed gravid segments on 40th day p.i.(Fig. 
9, Plate III, Fig. 8). Thus,development of reproductive organs and 
formation of gravid segments showed differences among liver and 
lung isolates. 
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Plate IV. Photomicrographs, showing changes on the scolex 
and tegumental regions of the parasite stained 
with Gomori's trichrome. 
Figs. 
1. Section of scolex showing the rostellar glands 
(Rg) and rostellar pad (Rp). Note the penetration 
of hooks (H) in the epithelial lining of the 
intestine. 
(Scale bar: 5 ;im) . 
2. Section of gravid segment showing the deposition 
of acid mucopolysaccharide in tegument (arrow), 
stained with alcian blue and neutral red. 
(Scale bar: 50 ^ im) . 
3.& 4. Section of the terminal segment of 36 and 40 
days old worms respectively, showing the thick-
ness (arrow) of the tegument (Tg) . Note the 
enlargement of subtegumental cells (arrow) in 40 
days old worms. Collagen was present in subtegu-
ment (STg) , parenchyma (Pa), embryophore (Ep) 
while, absent in onchosphere (0). 
(Scale bar: 5 /am) . 
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IV. CROSS INFECTIVITY: 
The adult worms containing hexacanth developed from the 
protoscoleces of buffalo liver and lung cysts in dogs were fed to 
the goats in order to examine the cross infectivity. The two 
experimentally infected goats were sacrificed after one year of 
post infection and both were found infected with different number 
of cysts. A total of 14 cysts were recovered from the goat 
infected with lung isolate, out of which 12 cysts were found in 
liver and 2 in lung. The second goat which was infected with the 
liver isolate had only 7 cysts in liver. All these cysts were of 
small sizes and sterile. It can be summarized from these results 
that in this region dogs can infect both buffalo and goat. 
V. HISTOPATHOLOGICAL AND HISTOCHEMICAL STUDIES: 
The foregoing results on developmental biology of E. 
granulosus in dogs provided an opportunity to monitor the patholo-
gical changes in the host as well as histochemical changes in the 
parasite. These results are significant and provide basic 
informations about the host - parasite relationship and the host 
response particulary at the level of cell mediated immunity. 
(a) Experimentally Infected Dogs: During the process of 
establishment in the definitive host the parasite suckers engulf 
the host tissue and form a plug like structure through which the 
worms make an intimate contact and firm attachment (Plate V, Figs. 
2) . The rostellar hooks penetrate inside the host tissue and 
damage the epithelial lining at the site of attachment (Plate IV, 
Plate V. Histological sections of infected dog intestine 
with E. granulosus, stained with eosin and haema-
. toxylene showing some changes. 
Figs. 
1. Intestine of non-infected dog showing the infold-
ings on intestinal villi (VIL). 
(Scale bar: 50 jam) . 
2. Section showing engulf of host tissue (HT) by the 
sucker (SC) of the Parasite. Note the infiltra-
tion of fibroblast (arrow head). 
(Scale bar: 5 p.m) . 
3. Section of dog intestine (40 days p.i.) showing 
the attached worm (W). Note the loss of infoldings 
in the villi (Arrow) . Inset: at higher 
magnification. 
(Scale bars: 50 yUm) . 
4. Infiltration of lymphocytes (broad arrow), plasma 
cell (small arrow) and neutrophils (Arrow head) at 
the site of attachment. 
(Scale bar: 5 /am) . 
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Pig. 1) . It was observed that the size of plug and degree of 
necrosis increases as the duration of infection increases. 
Further, on comparing the structure of villi of the control and 
infected animals, the first apparent change was noticed in the 
absorptive surface. Villi around the vicinity of the worm lose 
their enfoldings leading to decreased surface area of absorption 
(Plate V, Figs. 1,3). At the site of attachment the other 
important observation was the infiltration of cells which were 
differentiated as monocytes, neutrophils, macrophages, fibroblast 
and plasma cells (Plate V, Figs. 2,4). 
Besides these histopathological changes in the host, some 
developmental changes in the parasite were also noticed. These 
changes were mostly associated either with the scolex region or in 
the tegument of the parasite. In the scolex certain specialized 
cells were noticed, which are known as rostellar glands (Plate IV, 
Fig. 1) . These cells were located in the region just above the 
rostellar pad and beneath the tip of scolex. these cells were of 
spindle shaped and had well defined cytoplasmic border.Some 
remarkable changes were also observed in the tegument of the worms 
during the course of development in dogs. The tegument of 4 0 days 
old worms when studied under higher magnification appeared thicker 
as compared to the tegument of 36 days old worms, possibly due to 
the accumulation of secretory material from the sub - tegumental 
cells on the body surface. The sub - tegumental cells of 40 
days old worms were also found enlarged as compared to 36 days old 
worms. Further, the paren chyma was found compressed in 4 0 days 
119 
old worms and showed increased deposition of collagen as revealed 
by Gomori's trichrome staining (Plate IV, Fig. 3,4). The outer 
most layer of the tegument seems to be predominantly rich in acid 
mucopolysaccharide as indicated by Alcian blue positive reaction 
(Plate IV, Fig. 2). 
(b) Experimentally Infected Goats; Experimentally infected goats 
were sacrificed after one year of p.i. and the cysts were 
recovered from both liver and lung. The infected tissue containing 
cysts were examined for histological changes. 
The histological section of the host tissues alongwith the 
cysts revealed striking changes in the host response in the liver 
and lung. It was observed that the cyst wall (germinal and 
laminated layer) was surrounded by the fibrous adventitial layer 
produced by the host reaction, which was thicker in the lung as 
compared to the liver cyst (Plate VI, Figs. 1, 2). The histoche -
mical tests revealed the presence of collagen and acid mucopolys-
accharides in this layer. Further, it was observed that the 
germinal and laminated layer in the lung cysts was quite healthy 
and well developed. However in the cysts of liver these layers 
were not so well developed and were very thin (Plate VI, Figs. 
3,4). Near the fibrous capsule, infilteration of cells was 
predominant giving a granuloma like appearance. The infilterated 
cells were sometimes noticed to reach very close to the cysts in 
case of liver while in the case of lung cysts a well developed 
adventitial layer prevent the entry of infilterated cells (Plate 
Plate VI. Histological sections of the host tissue along 
with the hydatid cyst from experimentally infected 
goat. 
Figs. 
1. & 2. Photomicrographs of liver and lung hydatid 
cysts respectively, showing the adventitious 
layer (A), fibrous layer (F), and host tissue 
(H). Note the thickness of adventitious layer 
(arrow) between liver (fig. 1) and lung (fig. 
2) cysts. The sections were stained with 
eosine and haematoxyline. 
(Scale bar: 50 /am) . 
3. & 4. Section of liver and lung cysts respectively 
showing the germinal (G) and laminated (L) 
layers. Note the thickness of laminated layer. 
Sections were stained with Gomori's trichrome. 
(Scale bar: 50 /am) . 
5. Photomicrographs showing the cellular infil-
tration adjascent to the cysts. These cells 
were mainly fibroblast (arrows). 
(Scale bar: 5 pm). 
l i I' 
120 
i 
Wii 
121 
VI, Figs. 1, 2). Among the infilterated cells, mainly fibroblast 
and macrophages were observed ( Plate VI Fig.5). 
VI. PATHOPHYSIOLOGICAL STUDIES: 
In order to find out the pathophysiological effects, various 
serum enzymes like transaminases (GOT and GPT), lactate dehydroge-
nase (LDH), acid and alkaline phosphatases were estimated in the 
infected as well as control animals. The changes in the total 
serum proteins and their fractions were also analysed. Various 
haematological studies like total and differential cell counts, 
haemoglobin content and packed cell volume were also investigated. 
(a) Transaminases; Levels of Glutamic oxaloacetic transaminase 
(SGOT) and glutamic pyruvate transaminse (SGPT) revealed that SCOT 
level was comparatively higher than SGPT in the infected as well 
as in control animals (Fig. 11) . The SGOT activity was found 
higher throughout the infection period with the highest enzyme 
level recorded at 4 and 4 0 days p.i. The enzyme activity in 8, 16 
and 24 days infected sera were more or less the same with each 
other whereas an increasing pattern was noticed after 24 days 
p.i.(Fig. 11). Contrary to this, SGPT activity at 4 days p.i. does 
not show any change and the activity was more or less the same 
with control sera. However, there was a sharp increase in the 
enzyme level in the serum collected at 8 days p.i. which was the 
maximum level recorded during the course of infection (Fig.11). 
The changes in SGOT and SGPT level were found statistically 
significant (p< 0.05) at different age of infection (Table 13). A 
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correlation between SCOT and SGPT activity was also noticed 
particularly at early phase of infection. As the level of SCOT 
increases the level of SGPT decreases and vice-versa, which shows 
a shift between these two enzymes during the course of infection. 
(b) Lactate Dehydrogenase (LDH); The serum LDH activity in 
infected group was found higher than control group till 8 days 
p.i. and thereafter the LDH activity declined. The highest enzyme 
level was observed at 4 days p.i. followed by 8 days p.i. (Fig. 
12). At 4 0 and 48 days p.i. sera the mean enzyme activity was 
lower than control sera. The differences in the enzyme level of 
infected (4, and 8 days p.i.) and their respective non - infected 
groups were found statistically significant ( p < 0.001) (Table 
13) . 
(c) Acid And Alkaline Phosphatases (AcPase and AlPase); Serum acid 
phosphatase activity in infected and non-infected animals were 
found lower as compared to alkaline phosphatase (Fig. 13) . The 
AlPase activity was found significantly higher in 4 and 24 days 
p.i. sera. After this stage there was a significant decline in the 
AlPase activity reaching even below the normal value (Fig. 13) , 
whereas no such change observed in AcPase activity. It was found 
that as AlPase level decline the AcPase activity increase 
particularly in the later period of infection (Fig 13) . When the 
data was subjected to the statistical analysis, significant (p< 
0.05) enzymatic changes were found at 4, 24, 32, 40 and 48 days 
p.i. with their respective control (Table 13). 
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(d) Analysis of Serum Proteins; The total serum proteins during 
the course of infection show insignificant changes with respect to 
control in all the stages except 24 days p.i. where statistically 
significant loss (p < 0.02) was observed (Fig. 14). 
The total serum proteins were further precipitated by 
ammonium sulphate for quantitative estimation of albumin and 
globulin. The serum albumin was found lower in the infected than 
non-infected animals and statistically significant decline was 
observed among all the stages except 4 days p.i. (Fig. 15, Table 
13) , while the serum globulin level gradually increased in the 
infected animals particularly from 16 to 32 days p.i. The globulin 
level in infected animal at 24 and 32 days p.i. were found 
significantly higher than their respective control (Fig. 15, Table 
13). 
VII. HAEMATOLOGICAL STUDIES: 
(a) Total Red Blood Cells Count; The RBC were counted from both 
infected and non-infected animals with respect to age of infection. 
The percent changes of RBC in experimentally infected puppies are 
given in Fig. 16. It is evident from results that RBC level 
decreases with the duration of infection and the differences were 
statistically significant particularly in the later phase of 
infection (Table 13) . 
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(b) Total And Differential Leucocyte Count (TLC & PLC)t The total 
leucocyte counts during the course of infection were found 
significantly higher (p < 0.01) in 4, 8, 16 and 24 days p.i. 
(Table 13) , while in the later phase of infection the count was 
more or less same between infected and uninfected animals 
(Fig.16) . 
The differential leucocyte counts provide some interesting 
informations. It was observed that during the early phase of 
infection (4 to 16 days p.i.) neutrophils increase in number and 
thereafter decreases. Contrary to this, lymphocyte count decreases 
in the early period of infection (4 -16 days p.i.) and thereafter 
increases (Fig. 17). An increase in the level of neutrophils and 
their infilteration in the infected tissues provide ample evidence 
that in early phase of infection cellular immunity predominant and 
the humoral immunity could be involved during the later phase of 
development. 
(c) Packed Cell Volume : The packed cell volume (PCV) in infected 
puppies was found low than the control. Maximum and significant 
decrease (p < 0.01) in PCV was observed at 4 days p.i. (Fig.18). 
However, the differences were insignificant during the rest of the 
infection period. 
(d) Haemoglobin Content; The percent change in haemoglobin 
concentration between control and infected group of animals are 
shown in Fig. 18. The haemoglobin concentrations in infected 
animals were found more or less similar to that of non-infected 
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animals in early period of infection. Thereafter, the haemoglobin 
content was found slightly lower in the infected animals (Fig. 
18). Statistically insignificant differences were observed between 
the haemoglobin concentration of the infected and control animals. 
(e) Mean Corpuscular Haemoglobin Concentration (MCHC); The mean 
corpuscular haemoglobin concentration in infected animals was 
found significantly higher in 4 days p.i. (p< 0.05) while in other 
stages, the values were more or less similar to the control values 
(Fig. 19). 
(f) Mean Corpuscular Volume (MCV); The mean corpuscular volume was 
found lower in 4 days p.i. than control and thereafter an 
increasing trend was noticed in the MCV. The significant 
increase (p< 0.02) was recorded at 32,40 and 48 days p.i. (Fig. 
19). 
VIII.BIOCHEMICAL COMPOSITION OF PROTOSCOLECES: 
The results of biochemical composition of protoscoleces 
isolated from two different habitats are presented in Table 14 and 
Fig. 20. Among the various biochemical components, glycogen and 
RNA were found significantly higher in the protoscoleces isolated 
from lung as compared to the liver cysts while total lipids were 
significantly higher in liver isolates. Both the isolates have 
almost similar level of protein and DNA (Table 14) . The ratio of 
DNA to that of RNA was calculated as 1:7 and 1:5 whereas, the 
ratio of RNA to protein was 1:6 and 1:9 for lung and liver 
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Fig. 20. Major biochemical components of protoscoleces 
isolated from buffalo liver and lung cysts. (360° 
assumed as 100%, actual values are shown in 
Table 14). 
Fig. 21. Major lipid fractions of protoscoleces isolated 
from buffalo liver and lung cysts. 
CHOL.: Cholesterol, T.G.: Triglycerides, F.F.A. : 
Free Fatty Acids, P. LIPIDS : Phospholipids, UNK. 
: Unknown. (3 60° assumed as 100% , actual values 
are shown in Table 14). 
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Table 14. Biochemical composition of protoscoleces isolated from 
buffalo liver and lung cysts. 
Biochemical 
components lung origin liver origin p value 
Glycogen * 42.80 + 1.13 37.08 + 1.41 < 0.001 
Proteins * 56.01 + 2.0 55.18 + 2.44 < 0.90 
Lipids * 11.68 + 1.25 14.59 + 1.34 < 0.01 
RNA * 8.85 + 0.95 6.35 + 0.85 < 0.01 
DNA * 1.20 + 0.10 1.22 ± 0.12 < 0.90 
LIPID FRACTIONS ** 
Cholesterol 31.69 + 2.70 38.80 ± 2.60 < 0.05 
Triglycerides 30.82+3.42 30.84+2.3 < 0.90 
Free Fatty Acids 12.15 ± 1.56 9.12+1.34 < 0.10 
Phospholipids 19.99+2.14 16.69 ± 1.41 < 0.10 
Unidentified 5.35 + 0.50 4.56 ± 0.36 < 0.10 
PHOSPHOLIPID FRACTIONS ** 
Lysophospha - 14.17+0.86 19.2+1.23 < 0.01 
tidylcholine 
Sphingomyelin 17.26+1.90 15.0+1.50 < 0.10 
Phosphatidyl- 24.33+1.66 16.7+1.20 < 0.01 
Icholine 
Lysophosphat- 11.50+0.67 11.37+0.49 < 1.00 
idylethanolamine 
Phosphatidyl- 14.6+0.86 16.1+1.23 < 0.2 
ethanolamine 
Unidentified 18.14 + 1.20 21.62 + 1.13 < 0.05 
* All values are expressed as mg/g wet weight of tissue ±_ SEM of 
five different populations. 
** All values are expressed as percent (w/w) of total lipids and 
phospholipids/g wet weight of tissue of three replicates _+ SEM. 
The p value up to < 0.05 is cosidered as significant. 
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isolates respectively. 
Among the major lipid fractions, cholesterol, triglycerides, 
phospholipids and free fatty acids were identified in which 
triglycerides level was found similar in both the isolates (Fig. 
21). The lung isolates had higher amount of phospholipids and 
free fatty acids than liver isolates but the differences were 
statistically insignificant. However, cholesterol was found 
significantly higher in liver isolates (Table 14). The cholesterol 
alone constitutes about 68.6% and 50.3% of the total lipid 
fractions in the protoscoleces of liver and lung cysts 
respectively. The ratio of neutral to polar lipids was found as 
4.7 : 1 for liver and 3.7:1 for lung protoscoleces. 
Further, the analysis of phospholipid fractions, revealed 
quantitative differences in the two isolates (Table 14). The level 
of these fractions were found in the following order: phosphatidy-
lcholine > sphingomyelin > phosphatidylethanolamine > lysophospha-
tidylcholine > lysophosphatidylethanolamine in the lung isolates, 
while lysophosphatidylcholine > phosphatidylcholine >phosphatidyl-
ethanolamine > sphingomyelin > lysophosphatidylethanolamine in the 
liver isolates (Fig. 22). Among all phospholipid fractions, 
phosphatidylcholine was found significantly (p< 0.01) higher in 
the lung isolates, while lysophosphatidylcholine in the liver 
isolates. Similarly the differences in the unidentified phospho-
lipid fraction between the two isolates were also found 
statistically significant (Table 14). 
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IX. BIOCHEMICAL TURNOVER DURING THE DEVELOPMENT OP E_^ GRANULOSUS; 
The results of the biochemical composition of different 
developmental stages of worms collected from puppies infected with 
buffalo liver and lung protoscoleces are summarized in Table 15. 
It is evident from these results that except glycogen and proteins 
no marked differences were observed in other biochemical 
components between the two isolates. Only 4 0 days old worms of 
lung origin had significantly more glycogen (p < 0.05) and 
proteins (p < 0.01) than liver origin (Table 15). 
The other important feature observed in the present study 
was the turnover of biochemical components during the development 
of protoscoleces in dogs. The amount of various biochemical 
components were found less in 16 days old worms than 0 day stage 
(protoscoleces) . However, from 16 days onwards most of the 
biochemical components except glycogen increased with the 
progressing time of development and maintained the increased level 
till 40th day p.i. There was a sharp increase of glycogen level in 
24 days old worms but thereafter a decline was noticed in rest 
of the developmental stages (Table 15). Among lipid fractions the 
level of cholesterol, free fatty acids and phospholipids gradually 
increase while triglycerides decreases (Fig. 23). 
When the data between 0-16, 16-24, 24-32 and 32-40 was 
compared, a significant turnover of various biochemical components 
was evident. The statistical analysis and the level of 
significance are presented in Tabel 16. There is a significant 
decrease in the level of glycogen, proteins, and RNA whereas, 
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Fig. 23. Major lipid fractions of different developmental 
stages (0-40 days), (A) Phospholipids, (B) Trig-
lycerides, (C) Free Fatty Acids, (D) Cholesterol. 
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significant increase in triglycerides was observed in 16 days old 
worms as compared to the 0 day (Table 16). The glycogen, proteins, 
lipids, RNA, DNA and free fatty acids increased significantly in 
24 days old worms than 16 days old. On camparing the data between 
the worms of 24/32 and 32/40 days, a sharp decline was noticed in 
glycogen and triglycerides while an increasing trend was observed 
in other components. It can be concluded from this data that there 
was a sharp decline in the biochemical profile during the early 
phase of development of protoscoleces in experimental puppies but 
during the later phase of organogenesis and maturation an 
increasing trend in the level of most of the biochemical 
components was observed. 
X. ENZYME TURNOVER: 
The level of various enzymes of different developmental 
stages revealed that a significant turnover of enzymes occur 
during the course of development (Table 17). The activity of all 
enzymes declined in early phase of infection (16 days p.i.) and 
thereafter an increasing trend was noticed. In 24 days old worms 
the activity of some enzymes like, LDH, SDH, and AlPase was found 
higher than any other developmental stage (Table 17). 
Similarly, GOT and GPT show differential activity among 
different developmental stages. In protoscoleces (0 days) the 
activity of GOT was found higher than GPT, however during the 
course of development in dogs the level of GPT decreases while GOT 
increases. Among phosphomonoestrases, the AlPase activity was 
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found higher than AcPase in 0 day stage. Further, it was noticed 
that AcPase show decline trend in all the developmental stages as 
compared to 0 day stage , while an increasing trend was found in 
AlPase activity (Table 17) . 
XI. PROTEIN POLYMORPHISM: 
As mentioned above, certain differences exist in the 
developmental pattern and biochemical composition of protoscoleces 
isolated from buffalo liver and lung hydatid cysts. Therefore, in 
order to find out molecular heterogeneity between the protosco-
leces of two origin, their soluble proteins were subjected to lEF 
and SDS - gradient PAGE. 
(a) Isoelectric Focussing (lEF); The results of lEF revealed that 
under specified conditions of pH gradient (pH 3.5 -9.5) the 
different polypeptides were separated according to their 
isoelectric point (pi). The pi value of polypeptides were 
determined with the help of standard marker proteins run 
simultaneously. A total of 41 polypeptides were resolved in both 
the liver and lung isolates between the pH range of 3.5 to 8.45, 
but most of the polypeptides were found between pH 5.85 to 6.55 
(Plate VII). In both the isolates a total of 5 characteristic 
polypeptides of different pi values were observed. In the liver 
isolates all characteristic polypeptides were present in the 
acidic range while in the lung isolate one was present in the 
alkaline, one in neutral and three in acidic range (Table 18). 
Plate VII. The protein profiles of protoscoleces of buffalo 
lung (Lu) and liver (Li) origin alongwith stan-
dard (S) marker proteins of known isoelectric 
point (pi) as revealed by isoelectric focussing. 
The gels were stained with coomassie brilliant 
blue R-250. The arrow heads indicate characteri-
stic polypeptides. 
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Table 18. Characteristic'^ polypeptides with respective isoelectric 
point (pi) in the protoscoleces of liver and lung origin. 
Liver origin Lung origin 
Polypeptide No. Pl Polypeptide No. pl 
1 
2 
3 
4 
5 
5.90 
5.35 
5.10 
4.85 
4.55 
1 
2 
3 
4 
5 
8.30 
6.95 
6.05 
5.95 
5.85 
14 
(b) SDS-Gradient PAGE; The results of SDS - gradient PAGE 
revealed a heterogeneous polypeptide profile of the two isolates 
under study. A total of 35 and 38 polypeptides of different 
molecular weight ranging from < 14.4 KD to > 94.0 KD were resolved 
in liver and lung isolates respectively in coomassie blue stained 
gel. Most of the polypeptides were found common in both the 
isolates but there are 3 specific polypeptides which are present 
only in lung while absent in liver isolates (Plate VIII, Fig. 
A). The molecular weight of these characteristic polypeptides are 
presented in Table 19. 
It has been reported that CBBR - 250 stain is less sensitive 
than the silver stain and many conjugated proteins are not stained 
with this dye. Therefore, silver staining of the gels was also 
performed. Since, in CBBR - 250 stained gel, some polypeptides were 
found to have molecular weight greater than 94.0 KD, therefore 
higher molecular weight standard proteins were used in silver 
staining which resolved a total of 47 and 50 polypeptides in 
liver and lung isolates respectively (Plate VIII, Fig. B) . It was 
observed that there are some specific polypeptides present in both 
the isolates. In lung isolates 5 specific polypeptides of 
molecular weight 105 KD, 150 KD, 205 KD and two of > 205 KD were 
observed while in liver isolates 52.5 KD polypeptide was specific 
(Table 19). 
It can be concluded from these results that there are some 
characteristic polypeptides in the protoscoleces of liver and lung 
origin which have different isoelectric point and molecular 
^ 
Plate VIII. The protein profiles of protoscoleces of buffalo 
liver (Li) and lung (Lu) origin alongwith stand-
ard (S) marker proteins of known molecular weight 
by SDS -gradient PAGE. The gels were stained with 
Coomassie Brilliant Blue R - 250 stain (A) and 
silver stain (B). The arrow heads indicate the 
characteristic polypeptides. 
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Table 19. Characteristic polypeptides with apparent molecular 
weights of the Protoscoleces of liver and lung origin 
by SDS- gradient PAGE. 
CBBR - 2 50 
Liver origin 
No. Mr. 
(in kD) 
STAINED GEL 
Lung origin 
No. Mr. 
(in kD) 
SILVER STAINED GEL 
Liver origin 
No. Mr. 
(in kD) 
Lung Origin 
No. Mr. 
(in kD) 
47.0 
1 30.0 
1 <14.4 
52.5 2 
1 
1 
1 
>205.0 
>205.0 
205.0 
150.0 
105.0 
]^7 
weights, thus showing molecular heterogeneity in the protein 
profile. 
XII. POLYPEPTIDE TURNOVER: 
As pointed out earlier, there is biochemical and enzymatic 
turnover occur during the course of development of protoscoleces 
in dogs. Similarly, in order to find out the turnover in protein 
profile different developmental stages of lung origin were 
subjected to SDS-gradient PAGE, and the results are summarized in 
Figs. 24 & 25. It is evident from the results of both coomassie 
and silver staining that during the course of development some 
new polypeptides appear while some disappear. Besides this, some 
stage specific polypeptides were also detected. In CBBR - 250 
stained gels a 40.0 KD polypeptide was present only in 0 day, 
while absent in rest of the stages. Similarly a polypeptide of 
56.0 KD was found specific to 32 days old worms. In silver stained 
gels 3 stage specific polypeptides were found in 0 day, 2 in 16 
days and one in 32 days old worms (Plate IX, Fig. A, B) . The 
apparent molecular weight of these polypeptides are presented in 
Table 20. The results of electrophoresis are quite distinct and 
reproducible as was observed in several replicates. 
It can be concluded from the above results that there are 
some stage specific polypeptides which show differences in their 
molecular weights and reveal that some new polypeptides were 
synthesized with the organogenesis and maturation process. 
Fig. 24. Presence {t ) and absence ( ) of 
polypeptides in different developmental stages 
of buffalo lung origin by Coomassie Brillient 
Blue R - 250 staining procedure. 
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Fig. 25. Presence ( ) and absence ( ) of poly-
peptides in different developmental stages of 
buffalo lung origin by silver staining procedure. 
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Plate IX. The protein profiles of different developmental 
stages of buffalo lung origin alongwith standard 
marker., proteins (S) of known molecular weight by 
SDS- gradient PAGE The gels were stained with 
Coomassie Brilliant Blue R-250 (A) and silver 
stain (B). The arrows indicate characteristic 
polypeptides present in more than one stages, 
however the arrow head indicate stage specific 
polypeptides which are present only in one stage 
and absent in others. 
0 = Protoscoleces. 
16 = 16 days old worms. 
24 = 24 days old worms. 
32 = 32 days old worms. 
40 =40 days old worms. 
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Table 20. Apparent molecular weight (in kD) of c h a r a c t e r i s t i c 
po lypep t ides of d i f f e r e n t developmental s t ages 
developed from protoscoleces of lung or ig in by SDS -
gradient PAGE. 
CBB R -
Days —>• 0 
250 
16 
STAINED 
24 32 
GEL 
40 
SILVER STAINED GEL 
0 16 24 32 40 
116 116 - 116 116 
72.5 72.5 - 72.5 72.5 
- - 56 
50 50 50 50 
45 45 45 45 
40 _ _ -
- 29 29 29 
23 
19 
23 
>205 
>205 
205 
148 148 148 148 
80 
-
-
-
-
-
30 
80 
-
49 
-
42 
34 
30 
— 
-
-
-
-
-
_ 
— 
64 
49 
44 
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-
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XIII. GLUCOSE UPTAKE KINETICS: 
Various kinetic parameters of the uptake of tritium labelled 
glucose by the protoscoleces have been studied using liquid 
scintillation counting. 
(a) Time Lapse Studies; In order to find out the optimum time for 
the uptake of glucose, the protoscoleces were incubated in ^ H 
labelled glucose (1 mM) for varying time periods. It was observed 
that the glucose uptake in protoscoleces is time dependent showing 
mediated transport (Fig. 26). During the first 4 minutes a linear 
uptake of glucose was noticed and thereafter it follows a 
saturation kinetics.Thus, 2 minutes incubation period was selected 
for various other experiments. 
(b) Different Concentrations of Glucose; When the protoscoleces 
were incubated for 2 min in different concentrations of glucose 
ranging from 0.1 mM to 1.0 mM, it was found that the rate of 
glucose uptake was a non - linear function of concentration. The 
uptake appeared to be a mediated process with the involvement of 
an apparent diffusion component (Fig. 27 a). Therefore, the values 
for the total glucose uptake (A) were corrected for diffusion 
component (C) and the values thus obtained for the mediated uptake 
(B) were plotted as described by Jeffs and Arme (1986). The uptake 
follows a typical saturation kinetics obeying the Michaelis-Menten 
kinetics. Various transport constants like Kt and Vraax showing the 
substrate affinity and velocity of uptake were calculated from the 
Lineweaver and Burk (1934) double reciprocal plot prepared from 
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Fig. 26 Uptake of H' 
of buffalo 
p e r i o d s . 
glucose (1.0 mM; 
lung origin at 
by the pro toscoleces 
different incubation 
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Fig. 27 Uptake of U' glucose at different concentrations 
by protoscoleces of buffalo lung or igin , 
( a ) : Showing the mediated uptake (B) obtained, 
from the total uptake (A), values cor rec ted for 
diffusion components (C) . Each point is the mean 
of 3 r ep l i ca t e s ± SEM. (b) ^: Lineweaver - Burk 
plot of mediated uptake of H glucose. 
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the values obtained for the mediated uptake (Fig. 27 b) . The 
transport constant Kt was found to be 0.09 mM whereas the maximum 
velocity (Vmax) of glucose uptake was calculated as 2.70 nmole /mg 
protein/ 2 min. 
(c) Effect of Higher Glucose Concentration on Uptake; In order to 
study the saturable, carrier-mediated uptake, a constant amount of 
radioactive glucose was mixed with varying quantities of un-
labelled glucose and the worms were incubated in the desired final 
concentrations. The results are summarized in Fig. 28. The uptake 
of labelled glucose in the presence of an increasing concentration 
of unlabelled homologue indicated that maximum uptake occurs only 
at 1.0 mM concentration and above this concentration there was a 
gradual decline in glucose uptake with the increasing 
concentration of unlabelled glucose upto 14 mM. Thus, the higher 
concentrations of unlabelled glucose appeared to inhibit the 
uptake of labelled homologue. 
In addition to the glucose uptake, the lactic and pyruvic 
acid production were also estimated in presence of glucose. It was 
found that the protoscoleces produced more lactic than pyruvic 
acid. Under specified iji vitro conditions, the protoscoleces 
excrete 17.64 + 1.2 and 0.15 ± 0.01 Aimoles per gm wet weight per 
3h lactic and pyruvic acid respectively. 
161 
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Fig. 28 Uptake of H glucose [1.0 mM) in presence of an increasing 
concentration of unlabelled glucose by protoscoleces of 
buffalo lung origin. 
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XIV.SCANNING ELECTRON MICROSCOPY OF LARVAE AND ADULT E.GRANULOSUS; 
The SEM studies of protoscoleces revealed some characteris-
tic topographical features of different regions. It can be seen 
that the scolex region is covered by microtriches while the soma 
region is devoid of microtriches (Plate X, Fig:^ , 1,2). In contrast 
to this, marked topographical variations were noticed during the 
transformation of larvae into adult. The main differences were 
found in the shape, size and position of microtriches. The 
strobilar region of the adult worm contain well developed 
microtriches which were absent in the larval stage. In adult worms 
microtriches are present in polymorphic forms. 
The entire surface of scolex and the internal surface of 
suckers is covered with dense microtriches giving an appearance 
like a carpet or velvet (Plate XI, Fig^. 1,2). When the same region 
was observed at higher magnification these surface structures 
appeared to be long and filamentous, tangled and intertwined at 
some places giving the appearance of adhering with each other 
(Plate XI, Fig. 3). Contrary to this, the microtriches in the neck 
region and immature segments are thin blade like, uniformly 
distributed and slightly stouter at the base (Plate XI, Fig. 4) . 
The proglottids were not completely partitioned but they appeared 
to be separated due to tegumental infoldings. At the interproglo-
ttidal surface the tegument possesses deep infoldings like ridges 
and furrows and is covered with thin blade like microtriches 
(Plate XI, Figs. 5, 6). The surface of mature and gravid segments 
are covered with thick unidirectional blade like microtriches 
Plate X. 
Figs. 
1. & 2. Scanning electron micrographs of protoscoleces 
showing the microtriches on scolex (SC) region 
while absent in the soma (S) region. Insert at 
higher magnification. 

Plate XI. Scanning electron micrographs of adult (40 days 
old) E. granulosus. 
Figs. 
1. Scolex showing microtriches on suckers at low 
magnification. 
(Scale bar : 10 /im) . 
2. Internal surface of suckers showing microtriches, 
note velvet or carpet like appearance. 
(Scale bar: 1.0 ^m). 
3. Filamentous microtriches on the scolex and sucker 
regions showing the bulbous structure (arrow). 
(Scale bar: 1.0 ^ im) . 
4. Thin blade- like microtriches on the neck region. 
(Scale bar: 1.0 p.m) . 
5. Interproglottidal region showing ridges and furr-
ows (arrow) 
(Scale bar : 10 )um) . 
6. Thin blade-like microtriches at interproglottidal 
region. Furrows can be seen (arrow). 
(Scale bar: 1.0 yum) . 
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which are comparatively more wider at the base and tapering 
towards the tip (Plate XII, Figs. 1, 2). 
The terminal end of the gravid segment had similar 
infoldings as in the interproglottidal surface. At higher 
magnification, this region showed a mixed pattern of all types of 
microtriches described above (Plate XII, Figs. 3, 4). Further, 
bulbous endings were also observed in filamentous as well as blade 
like microtriches (Plate XI, Fig. 3; Plate XII, Fig. 2). 
XV. TOPOGRAPHICAL EFFECTS OP SOME DRUGS ON THE PROTOSCOLECES: 
In total nine drugs belonging to 5 different groups were 
screened against protoscoleces of E^ granulosus and topographical 
damages induced by these drugs were studied by scanning electron 
microscopy (SEM). The effect of drugs was evaluated on comparing 
the results with that of control (Plate XIII, Figs. 1, 2) . Almost 
all the drugs used in the present study damaged the body surface 
but the nature and degree of damage varied in each case. 
(a) Benzimidazole Group; Mebendazole (mbz) and fenbendazole (fbz) 
were used from this group. Both the drugs did not produce any 
apparent deeper damage, however, deformation of the body surface 
like shrinkage and deeper pits were observed (Plate XIII, Figs. 3, 
4) . The soma surface show deep pitts and grooves in the presence 
of mbz and fbz however, the degree of deformation is different. 
The microtriches in the scolex region remain unaffected leading to 
conclude that benzimidazole in general does not produce any 
apparent damage. 
Plate XII. Scanning electron micrographs of adult E. 
granulosus. 
Figs. 
1. Thin blade-like microtriches on immature segment, 
(Scale bar: 1.0 ;um) . 
2. Mature segment showing thick blade-like microt-
riches and bulbous endings (arrows). 
(Scale bar: 1.0/im). 
3. Terminal end of gravid segment, showing ridges 
and furrows (arrow). 
(Scale bar : 10 jam) . 
4. Mixed pattern of microtriches. 
(Scale bar: 1.0/im). 

Plate XIII. Scanning electron micrographs of protoscoleces. 
Figs. 
1. Control unincubated protoscoleces. 
2. Control protoscoleces incubated in the solvent 
medium. 
3 & 4. Microphotograph showing the effect of mebenda-
zole and fenbendazole respectively. Note the 
appearance of shrinkage and pits in the soma 
region (arrows). 
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Plate XIII. Scanning electron micrographs of protoscoleces. 
Figs. 
1. Control unincubated protoscoleces. 
2. Control protoscoleces incubated in the solvent 
medium. 
3 & 4. Microphotograph showing the effect of mebenda-
zole and fenbendazole respectively. Note the 
appeardnce of shrinkage and pits in the soma 
region (arrows). 
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(b) Salicylanilide Group: Three drugs, closantel, rafoxanide and 
oxyclozanide were used at the concentration shown in Table (1) . 
They produced differential effects on the tegumental surface of 
protoscoleces. Closantel and rafoxanide produced more damage in 
comparision to oxyclozanide (Plate XIV, Figs. 1 - 6 ) . 
The rostellum and general body surface was disrupted by 
closantel. Deep lesions and peeling of tegument could be seen on 
the rostellum, suckers and also on soma region (Plate XIV, Figs. 
1,2). The effect of this drug was so pronounced that the entire 
surface of the worms become deshaped. Deep crater - like lesions 
were also observed over the body surface where the parenchyma get 
exposed (Plate XIV, Figs. 1, 2). In contrast to this, rafoxanide 
did not produce lesions, however disorganization of the surface 
structure was evident which was more pronounced at the soma 
region. The disorganization in the shape of the parasite was due 
to coagulation of surface syncitium and therefore deposition of 
coagulated substances appeared on the soma region (Plate XIV, 
Figs. 4 - 6). The least effective drug oxyclozanide produced 
blisters or blebbings on the scolex region only and no other 
alterations were observed in the surface of protoscoleces (Plate 
XIV, Fig. 3). 
(c) Haloqenated Phenols: Nitroxynil and bithional were used from 
this group, which were found to produce shrinkage of the body 
surface and the effect of bithional was more pronounced than 
nitroxynil. In addition to this, peeling of tegument were also 
Plate XIV. Scanning electron micrographs of protoscoleces 
t r ea ted with the drugs belonging to s a l i c y l a n i -
l i d e group. Note the d i f f e r e n t i a l e f f e c t of 
Figs. 
various drugs, 
& 2. Effect of closantel showing the deep leisions 
and peeled off tegument in the rostellum, 
suckers and soma regions (arrows). 
3. Effect of oxyclozanide, showing the blisters 
on scolex region (arrows). 
& 6, Effect of rafoxanide showing coagulation of 
surface syncitium, which was more pronounced 
at soma region (arrows). 
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observed due to the effect of bithional (Plate XV, Figs,1, 2). 
(d) lonophores And Sulphonamide; The ionophore monensin produce 
different effects in comparision to other drugs used in this 
study. The microtriches were sloughed off due to the effect of 
monensin. Further, this drug caused retraction of hooks to such an 
extent that they got penetrated deep into the tegument (Plate XVI, 
Figs.1,2) . 
The only sulphonamide drug clorsulon, was used in the 
present study. This drug caused shrinkage of the body surface as a 
result some deep pitted like grooves appeared on the soma region. 
In addition to this,cracking of the body surface was also observed 
and therefore the whole worm became deshaped (Plate XVI, Figs. 3, 
4). 
Thus, it can be concJuded that all the drugs belonging to 
either same or different groups produced differential effects. The 
actual damage on the topographical structure was observed in the 
following order clorsulon > monensin > closantel > rafoxanide > 
nitroxinyl. The other drugs produced minor deformations, which may 
be due to differences in their binding sites with the surface 
biochemical moities of protoscoleces. 
XVI. EFFECTS OP DRUGS ON GLUCOSE UPTAKE: 
The drugs belonging to the benzimidazoles, salicylanilides, 
halogenated phenols, ionophores and sulphonamides groups were 
found to produce differential effects on the glucose uptake by the 
protoscoleces of E. granulosus. The results are summarized in 
Plate XV. Scanning electron micrographs showing the effect 
of bithional and nitroxynil (halogenated phenols) 
on the protoscoleces. Note the peeled off 
tegument (arrows) due to effect of bithional 
(Fig. 1) , and shrinkage of soma region (arrow) 
due to nitroxynil (Fig. 2). 

Plate XVI. Scanning electron micrographs showing the effect 
of monensin and clorsulon on the protoscoleces. 
Figs. 
1. & 2. Photographs showing sloughed off microtriches 
(M) due to effect of monensin. Note the 
retraction of hooks (H) into scolex region. 
3. & 4. Photographs showing cracking and shrinkage of 
the soma region (arrows) due to effect of 
clorsulon. 
17^9 
173 
Table 21 and Fig. 29. 
The mebendazole, fenbendazole (benzimidazoles), bithinoal 
(halogenated phenol) and clorsulan (Sulphonamide) produced 
statistically significant inhibition (p < 0.01) in the glucose 
uptake under in vitro condition. The percent inhibition of 
glucose uptake due to these drugs was found as 20.67%, 12.78% , 
13.95% and 16.4% respectively. Contrary to this, another 
halogenated phenol (nitroxynil) produce statistically significant 
(p< 0.001) stimulation (44.95%) in glucose uptake (Table 21). The 
other drugs like oxyclozanide, rafoxanide, closantel and monensin 
did not produce any significant changes in the uptake of glucose 
(Fig.29). 
It may be possible that the concentration of the drugs play 
an important role in the transmembranosis of glucose. It is 
expected that inhibition of glucose uptake is a consequence of 
topographical damages caused by these drugs. 
^7d 
Table 21. In vitro effect of various drugs on glucose uptake by 
protoscoleces. 
Drugs * Glucose uptake Percent percent p value 
(m mole/ g wet stimulation inhibition 
weight/3h) 
Control 0.586 + 0.030 
Mebendazole 0.465 + 0.022 
Fenbendazole 0.511 + 0.018 
Oxyclozanide 0.588 + 0.038 
Rafoxanide 0.596 + 0.021 
Closantel 0.630 + 0.010 
Nitroxinyl 0.850 + 0.020 
Bithional 0.504 + 0.013 
Monensin 0.620 + 0.014 
Clorsulon 0.490 + 0.012 
— 
-
0.39 
1.83 
7.24 
44 .95 
-
5.78 
— 
2 0 . 6 7 
1 2 . 7 8 
-
-
-
-
1 3 . 9 5 
-
16 .4 
< 
< 
< 
< 
< 
< 
< 
< 
< 
0 . 0 1 
0 .02 
1.0 
0 . 9 
0 . 1 
0 .001 
0 . 0 1 
0 . 2 
0 . 0 1 
* Values are average of 3 replicates + SEM. 
p value upto < 0.05 is considered as significant. 
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DISCUSSION 
I. HYDATIDOSIS IN LIVESTOCK: 
The incidence of hydatidosis was predominantly found in 
buffaloes, sheep, goats and pigs with apparent variations in 
percent prevalence. Buffaloes were found to be the most 
susceptible host among these animals. The prevalence seemed to be 
higher in sheep than goats but the number of sheep examined was 
quite low because they are rarely slaughtered due to their 
importance in wool production. About eighteen hundred goats were 
examined and out of which 34 were found infected. Although, goats 
are frequently slaughtered yet their susceptibility to hydatid 
infection was lower than buffaloes. In pigs the infection was also 
quite low possibly because they are reared at farm houses under 
hygienic conditions and the chances of contact with canines are 
meager. Camel slaughtering is not common in this part of the 
country, but during this survey 3 camels were slaughtered, out of 
which 2 were found infected. 
It can be concluded from this data that probably buffalo/dog 
cycle is operative in this part of the country and the infection 
in other livestock may be accidental. The present findings are in 
agreement with those previously reported from Bareilly (Verma, 
1978, Deka et al. , 1985) and Ludhiana (Deka et al. , 1983), where 
maximum infection was also reported from buffalo. In South India 
cattle were found more infected than any other livestock as 
reported from Kurnool (Reddy et aJ., 1968), Bangalore (Hedge 
Ml 
et al. , 1975; Rao and Mohiyuddin, 1976) and Trichur (Abraham et 
al. , 1980a) . Previous studies on the prevalence of hydatidosis in 
domestic animals in different regions of India have been reviewed 
and presented in Table (22) . On comparing the present data with 
the previous reports, it is evident that buffalo has almost 
similar pattern of infection while sheep show a different pattern 
as compared to the survey carried out in Kurnool region (Reddy et 
al. , 1968). In goats and pigs the situation is almost similar 
except the prevalence reported from Patna, Ranchi and Kurnool 
(Reddy et, ai. , 1968; Prasad and Prasad 1980; Prasad 1981). 
Further, it reveals that hydatidosis is more common in buffalo and 
cattle than the other animals. This differential prevalence 
suggests that probably E. granulosus has different strains or it 
may be due to variation in sample size or in livestock management. 
Thus, it can be concluded that other animals are certainly not 
suitable intermediate hosts as compared to buffaloes and cattle. 
The higher prevalence in baffaloes can be explained on the 
basis of average age at which these animals are slaughtered, as 
the older animals have greater chances and longer duration of 
harbouring the infection. In a series of previous reports the 
incidence and age relationship have been emphasized in a number of 
animals like buffaloes (Islam, 1982), cattle (Dixon et ^., 1973) 
and camels (Afshar et aJ-, 1971; Hamdy et aj,. , 1980). Similarly, 
Bandaliev (1969) has also reported higher incidence in older 
animals from USSR. 
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The other significant point was the distribution of cyst in 
different organs. The most preferred site for cyst development was 
lungs in buffaloes and sheep while, liver in the case of goats and 
pigs. Previous reports on buffalo hydatidosis are also in 
agreement (Hedge et ai,, 1975; Verma 1978; Prasad and Mandal 1979; 
Deka et ai., 1983, 1985). In addition to this, abdominal infection 
was always accompanied by liver and lung infection. It may be 
possible that abdominal cyst could be a secondary cyst which 
develops due to the rupture of primary pulmonary or hepatic cysts 
(Gill, 1968; Gupta and Singh, 1975; Bali and Chhabra, 1978). This 
indicates that the immune response against the primary cysts does 
not prevent secondary hydatidosis. (Lightowlers, 1990) . 
It was observed that single organ infection was more common 
in buffaloes than concurrent infection. In contrast to this, Islam 
(1982) found more concurrent infection than single organ infection 
in buffalo. Maximum infection in the lungs may possibly be due to 
the soft and spongy nature of the tissue in which the hexacanth 
can easily lodge. Strain variation or different route of hexacanth 
migration may be the other possible reason for this. Therefore, it 
is possible that anatomical and physiological characteristics of 
the host/habitat may be a factor for site preferences. Wilson et 
al, (1968) have pointed out that different strains of cestode may 
infect different sites. Heath (1971) has suggested that hexacanth 
of E. granulosus migrate through intestinal lymphatic or venous 
system and the lymphatic lacteals of the intestinal villi differ 
in size between different hosts therefore, the size of the 
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onchosphere in relation to venules and lacteals in different 
animals may determine the occurrence of pulmonary and hepatic 
cysts. The other possible reason for higher infection in lungs may 
be due to the inhalation of eggs during grazing, as Borrie et al, 
(1965) reported that the eggs are capable of hatching and 
developing into hydatid cysts when experimentally introduced into 
the lungs of lambs. 
Analysis of the data on the basis of fertility, sterility 
and clacification of the hydatid cysts reveal that the infection 
rate was not only higher in the lungs of buffalo but the fertility 
of the cysts was also greater as compared to liver or abdominal 
cysts. As far as the rate of fertility of the cysts in other 
livestock is concerned, it was noticed that either the fertility 
is absent or almost negligible. This is an important aspect of the 
epidemiological picture because possibly the strain which infects 
buffaloes cannot develop in other livestock and therefore 
sterility has no significance in the perpetuation of life cycle. 
Thus, it can be concluded that buffalo is the most suitable 
intermediate host in this part of the country. Similarly, Cameron 
and Webster (1961) have also suggested on the basis of sterility 
and clacification that cattle is not very suitable intermediate 
host. In Egypt, cysts are usually calcified or sterile in cattle 
and are regarded as least important intermediate host (EL -Kordy, 
1946). In other countries like Sri Lanka, Belgium, Switzerland, 
South Africa and Central Sudan, the fertility rate of bovine 
hydatid cysts was reported to be over 65% and hence considered as 
U1 
specific strain (reviewed by Thompson et aJ. , 1984; El-Badawi gjt 
al., 1979). In contrast to the present findings, greater fertility 
in livestock has also been reported from different regions of 
India (Gill and Rao, 1967 a; Verma, 1978; Prasad and Mandal, 1979; 
Abraham et al., 1980 a; Kosalaraman and Ranganathan, 1980). Such 
variation could be due to differences in animal management or due 
to random sampling. In addition to this, data on increased 
fertility of pulmonary cysts is in agreement with the previous 
reports (Gill and Rao, 1967a; Deka, et aj^ . , 1982). The pulmonary 
cysts have some etiological significance because lungs are 
rejected in the slaughterhouses and are accessable to dogs. 
The differences in the fertility rate of lung and liver 
cysts cannot be explained conclusively. It is suggested that in 
vitro culture experiments may provide some more evidence for such 
differences, because sterility and fertility of the cysts probably 
depends on the p02 level of the habitat. Partial evidence on this 
aspect is available in which the protoscoleces from buffalo 
hydatid cysts develop to the stage of segmentation in presence of 
02 and show similarity with human material of Kenya under in vitro 
condition (Macpherson and Smyth, 1985). The other possible reason 
which may be attributed to the differences in sterility and 
fertility, is the morphological variation in the laminated and 
germinal layer of the fertile and sterile cysts, as these layers 
are thicker in fertile as compared to sterile cysts (Personal 
observation). It is possible that the thicker laminated and 
germinal layer of fertile cysts prevent the entry of host 
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macromolecule into the cysts. Moreover, the immunoglobulins have 
been detected in the cysts membranes (Varela Diaz and Coltorti, 
1973) , which penerate readily into the laminated layer and in the 
cyst fluid of secondary hydatid cysts (Coltoti and Varela Diaz, 
1974; 1975). Unfortunately no such information is available from 
primary cysts. 
The differences in the sterility and fertility may also be 
due to physiological and immunological status of the host/habitat. 
Smyth and Heath (1970) have pointed out that if the initial host 
reaction was sufficiently rapid and intense, development of the 
larval parasite would be inhibited leading to granuloma formation. 
Webster and Cameron (1961) have suggested that the fate of the 
parasite is determined by the intensity of an initial trizonal 
cellular host reaction around the developing parasite which gives 
rise to the typical adventitious layer. 
Fertile cysts play a vital role in the perpetuation of the 
parasite's life cycle while pathological damage is caused by all 
types of cysts. The protoscoleces contained in fertile cysts are 
not always viable. For perpetuation of the parasite it is 
important that the cysts must contain viable protoscoleces. Thus^ 
the viability is another important factor for the transmission of 
the disease, as also noticed by Cranely (1982) in equine 
hydatidosis. Unfortunately none of the previous reports from India 
mentioned the percent viability of protoscoleces, however in the 
present study it was observed that the fertile cysts of buffalo 
had viable protoscoleces. 
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It was also found that as the size of the cysts increases 
the fertility of the cysts and volume of larvae also increases 
particularly in buffaloes, which indicates that the production of 
brood capsules starts after the cysts have attained a particular 
size, although the rate of cyst growth and onset of brood capsule 
production is not consistent (Heath 1973; Coli and Schantz, 1974; 
Slias, 1980) . It appears that the parasite is well adapted in 
buffaloes due to longer life span as reported from sheep 
hydatidosis, in which fertility rate was found higher in older 
animal (Gemmell and Lawson, 1986). 
The distribution of hydatid cysts in various intermediate 
hosts were overdispersed. It can be concluded from the observed 
data that the cysts were not dispersed at random, because small 
number of animals harboured most of the cysts. Over - dispersion 
of hydatidosis has been demonstrated in cattle, sheep and goats 
from Kenya due to the spatial aggregation of Echinococcus eggs 
(Macpherson, 1985). Similar conclusion can also be drawn for the 
present findings. Anderson and Gordon (1982), have suggested that 
the main factors governing overdispersion is heterogeneity between 
hosts, their exposure and susceptibility to infection or defensive 
capabilities. 
In the present study, density - dependent constraints could 
not be demonstrated because heavy cyst burden was found to be as 
fertile as single cyst infection. Some previous workers were 
unable to demonstrate density - dependent constraints in 
development of larvae during superinfection (Gemmell et ajL; 1986a) . 
Hd 
However, density dependent constraints have been shown to operate 
in the rate of asexual multiplication of E. multilocularis in 
cotton rats (Rao and Tanner, 1972) . In addition to this, density 
dependent cyst mortality has also been reported from cattle, 
although no definite reason has been assigned (Macpherson, 1985; 
Gemmell, et al., 1986 b). The epidemiological significance of over 
dispersion in hydatidosis is difficult to perceive, but it 
provides an idea about the clinical manifestations, particularly 
in the longer lived intermediate hosts, as fatal cases due to 
massive hydatid infection has been reported from buffalo and 
cattle (Gill, 1968; Gupta and Singh, 1975; Mandal, 1977; Bali and 
Chhabra, 1978). 
The foregoing discussion clearly reveals that the buffalo is 
the most suitable intermediate host in this region of the country, 
while other hosts probably play a minor role either because they 
are infrequently slaughtered (camels) or they are not good 
intermediate hosts (sheep, goats, pigs) for this parasite. It is 
difficult to suggest any definite reason for the host preference 
or fertility and sterility of the cyst, but it may be possible 
that the buffalo/dogs cycle operates in this region and therefore 
unable to survive in any other livestock. Thus, control of 
hydatidosis should be aimed at reducing the infection pressure on 
dogs by preventing their entry in abbatoirs. 
In India, abbatoirs are generally maintained by Municipal 
corporation, and the prevailing conditions of abbatoirs are not 
conducive to disease control. For example, in buffalo abattoirs up 
^BS 
to 50-60 dogs can be seen wandering and feeding on carcasses and 
viscera thrown to them. Lungs are invariably thrown to the dogs as 
they are not consumed by man, while the liver is considered a 
delicacy and even hydatid infected liver are taken to the 
butchers' shops where the infected portion is removed and fed to 
dogs which are always found around the shops. Unlike the buffalo 
abattoir, dogs are rarely seen at the sheep and goat abattoirs. 
Economic Loss Caused By Hydatidosis: The economic loss due to poor 
quality and low yield of dairy products condemnation of meat, 
retarted growth, decreased fertility in livestock is enormous for 
developing countries. Unfortunately, no previous data is available 
from India. The economic loss due to condemnation of buffalo 
liver alone came to approximately Rs. 131,400 per annum from a 
single abattoir (Irshadullah et ai., 1989a). This is a significant 
amount for a small town, where the incidence of the disease is not 
as high as in other areas of the country. Moreover, the economic 
loss due to hydatidosis in livestock would be much larger if we 
included other aspects like reduced quality of meat, milk and wool 
production, reduced fertility, loss in weight and sometimes death. 
Economic losses due to condemnation of horse liver normally sold 
as pet food were calculated to be about ^  15,000 from an annual 
slaughter of only 10,000 animals in U.K. (Thompson and Smyth, 
1975). Hydatidosis in sheep and cattle has led to loss of 24,000 
and 9,000 million Lira respectively from Italy (Arru, et al. , 
1984) and ,^  55,000 from U.K. (Anon, 1968). In addition to this. 
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decreased production of milk and wool, slow growth, reduced rates 
of lambing, calving and working ability in draught animals have 
also been reported due to hydatidosis (Popov, 1964; Shult•s 1968; 
Rausch, 1975). Furthermore, Popov (1964) and Rausch (1975) 
reported that hydatid-infected animals were more susceptible to 
other diseases. Many authors have also reported weight loss 
(Shult's 1968; Kostyak and Adam, 1965) and reduction of meat 
quality (Pozdnyakova, 1965; Kostyak and Adam, 1965; Vibe, 1968) 
due to hydatid infection. Besides these, various clinical and 
pathological effects like, depletion in the liver glycogen and 
fatty acids reserve (Moustafa et aJ. , 1965; Vessal et aX-, 1972) 
and reduced glycogen synthesis in liver and skeletal muscle 
(Evranova and Mosina, 1966) have also been reported due to 
hydatidosis in different animals. 
The disease, therefore warrants some degree of control and 
this could be enforced by preventing the dog entry in abbatoirs, 
effective meat inspection, provision for proper disposal facili-
ties and decreasing the stray dog population. Besides this, proper 
education and improved hygienic conditions may also help in 
controlling the infection. As, Thompson (1992) rightly pointed 
out, that the practical difficulties in hydatid control is a 
probliem created by people rather than animals. Therefore, a long 
standing and effective control programmes should be designed and 
implemented as done in other countries like Bulgaria, New Zealand 
and Tasmania. This demands large financial support and governmen-
tal assistance to initiate a comprehensive control programme 
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comprising of following aspects. 
(1) Strict quarantine regulation for the movement of potential 
definitive and intermediate hosts. 
(2) Restricted grazing of animals which requires separate 
pasture land. 
(3) Basic education of hygiene and animal management. 
(4) Destruction of street dogs and imposing licence for keeping 
pet dogs. 
(5) Proper management and centralization of slaughterhouses. 
II. HYDATIDOSIS IN MAN: 
In the diagnosis of hydatid disease, the major problem is 
the non-availability of economical and reliable technique. Casoni 
test is generally used in India for epidemiological studies, but 
the reliability and specificity of the technique is still 
debatable (Reddy et ai. , 1979; Varella-Diaz and Coltorti, 1974). 
However, ultrasound scanning is more reliable (Macpherson et al. , 
1987) but not available frequently in this country. Therefore, 
most of the epidemiological data depends on the hospital records. 
It is evident from the study that prevalence rate in eastern 
district (Luknow and Gorakhpur) is higher than western district 
(Aligarh and Kanpur). Such differences could be correlated with 
various factors like population density, socioeconomic conditions, 
literacy rate, occupation, dog population, behavioural traits 
towards dogs and prevailing hygienic conditions. Similar factors 
have also been suggested for the higher prevalence rate of 
^BB 
hydatidosis in Turkana (Watson - Jones and Macpherson, 1988; 
Macpherson, et aj,. , 1989; Wachira, et aj,. , 1991) .Therefore, it is 
possible that in eastern districts the high human population 
density and large dog population increases the chances of man/dog 
contact which is translated into high prevalence. Besides this, 
Wagle and Wagle (19 63) have suggested that majority of human 
infection in India particularly in arid zone occurs through 
drinking of contaminated water or handling infected vegetables and 
cutting grass for fodder. 
In some other countries like New Zealand, Tasmania and 
Kenya, the prevalence rates of human hydatidosis have been 
reported as 7.5, 9.3, and 220 per 100,000 per annum respectively 
(Schwabe, 1969; Kumaratilake and Thompson, 1982b; French and 
Nelson, 1982). The highest prevalence so far reported is from 
Turkana. Whereas, in other endemic countries like New Zealand and 
Tasmania the prevalence is more or less same as observed in the 
present study. 
The comparison of previous reports with the present study 
revealed that the prevalence rate of human hydatidosis is 
gradually increased with time (Table 9) and the disease has 
assumed an alarming situation in U. P. and Delhi (reviewed by 
Irshadullah et aJ. , 1989b). The increasing trend of infection is 
obviously due to close man/dog contact. Therefore, immediate 
attention of biomedical scientists is required and a pilot control 
programme should be introduced. 
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To ascertain the awareness about this disease a questionaire 
was prepared and distributed among the educated and non-educated 
communities of Aligarh, comprising of different religious faith. 
The results reveal that even among the educated class only the 
students of medical and biology group have some basic knowledge 
about this disease. Although majority of the people surveyed did 
not own dogs but they were against their killing and invariably 
fed them outside their houses. Therefore, the street dog 
population was high in residential areas, where they move freely 
and enhance the chances of spreading of infection. Childern 
generally play with dogs and their unhygeinic habits increase the 
possibilities of harbouring the infection. 
Occupation is an important factor in the prevalence of 
infection but unfortunately in the hospital records occupation of 
the patients were not indicated therefore, it was not possible to 
analyse the data on occupational basis. However, majority of the 
cases were from low inocome group while, few cases have also been 
observed from high income group. It is worth mentioning that the 
family of a doctor and a police officer who kept pet dogs, were 
operated for hydatid cysts. 
In Lebanon an unexpectedly high prevalence was found amongst 
shoe makers who at one time used dogs faeces for leather tanning 
(Schwabe and Abou-Daoud, 1961). Similarly, the highest prevalence 
in Turkana was also due to occupational hazards, as most of the 
tribes kept dogs as nurses or as guards (Macpherson et al. , 1983). 
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In some countries, animal farming is the main cause for increased 
prevalence of human hydatidosis, for example, Maori population of 
New Zealand (Burridge and Schwabe, 1977) Lapplanders of 
Scandanavian region (Huldt et aj,- , 1973) , Bosque population of 
California (Arraujo et al. , 1975) and sheep farming areas of 
Australia (Beard, 1979) .lad higher infection rate than rest of the 
population. Singh (1983) observed higher incidence in Bhotia 
tribes from India because they reared sheep and kept watch dogs. 
In India the dead bodies are either buried deeply or 
cremated, thus prevent the access of dogs to the dead bodies 
whereas, in Turkana human dead bodies play an important role in 
the prevalence (Macpherson, 1983). 
Analysis of the data on the basis of religion revealed that 
Hindus were comparatively more infected than Muslims. Similarly, 
Schwabe and Abou- Daoud, (1961) have reported that in Lebanon more 
Christians were infected than Muslims, and it was suggested that 
such differences may be due to the religious belief of Muslims 
about the uncleanliness of dogs.The other possible reason for the 
low prevalence among Indian Muslims may be due to differences in 
their population sizes. 
Age is another important factor which has a definite 
correlation with the prevalence rate. In the present study 2 6% 
hydatid patients were in the age group of 21-3 0 years, followed by 
21% in the age group 31-40 years. Similarly, Lakshmanrao (1980) 
has reported that most of the infected patients were 20-39 years 
of age while Parija et al. (1983) have reported maximum infection 
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in the age group of 31-4 0 years. The maximum infection in higher 
age group may partly be explained on the basis of longer exposure 
of the individual to the infective environment. Secondly there may 
be a variable and often prolonged asymptomatic period in human 
infection (Spruance, 1974; Thompson, 1977b), which may result in 
late diagnosis. This asymptomatic conditon has also been described 
for the sylvatic form of the disease in North America (Wilson et 
al., 1968) . 
It was observed that the infection is more common in males 
than females. A similar situation has also been observed in 
Masailand (Eugster, 1978). Contrary to this, more females have 
been reported to be infected than males in Turkana (French and 
Nelson, 1982; Macpherson, 198 3) and from South India (Lakshmanrao, 
1980; Parija et a^. , 1983). Cameron and Webster (1961) suggested 
that both sexes are equally exposed to infective environment and 
infectivity is generally determined by local customs involving the 
housing and handling habits with dogs. In this region females are 
generally involved in domestic affairs and may get the infection 
during grass cutting, since the hexacanth remain viable for long 
periods in the free environment (Lawson and Gemmell, 1983; Wachira 
et ai., 1991). Thus, excluding the possibility of hormonal influ-
ence, the higher incidence in females is more likely to be 
related to the increased opportunities for infection over many 
years rather than increased exposure at any given age. 
In man the most frequently infected organ was found to be 
liver followed by the lungs. Similar results have also been 
192 
reported by Wilson et aJ . (1968), The possible reason for the site 
preference in human beings is more or less same as discussed in 
the hydatidosis of livestock. 
The relative frequency of specific predilection sites for 
hydatid cysts vary from country to country, largely due to 
differences in the availability and use of diagnostic techniques. 
In India Casoni's test is generally used for diagnosis because 
ultrascan facilities are not frequently available in majority of 
hospitals. As mentioned earlier, Casoni's test does not give a 
positive response in all cases and all positive cases were not 
always confirmed by surgery (Thompson, 1977b). Therefore the 
symptomatic cases examined in hospitals may represent only a very 
small proportion of the total prevalence. The use of mass 
miniature radiography and serological screening methods to detect 
asymptomatic hydatid cases have shown that the prevalence rate is 
much greater than the corresponding annual surgical incidence 
rate (Schantz et ai. , 1973; Purriel et aj^ . , 1974), which may 
account for less than 10% of the actual cases present in an 
endemic area. Thus, it is not possible to estimate the actual 
prevalence rate of hydatid disease in India. Therefore, a compreh-
ensive survey is needed to find out the actual incidence in human 
beings. 
The incidence of hydatidosis in human beings is quite low as 
compared to buffalo (36.53%), which indicates that possibly 
buffalo/dog material is not infective to man. Similarly, low 
incidence in human beings has also been reported from Britain, 
193 
where it was suggested that the eggs of horse origin were not 
infective to man and horses were found more infected than any 
other livestock (Thompson and Smyth, 1975; 1976). The highest 
human incidence in India is found in Delhi followed by the 
Kurnool district of Andhra Pradesh, where one third of street 
dogs and a high percentage of ruminants were found infected. This 
needs further investigation to examine the source of infection in 
man and to ascertain whether the buffalo/dog material is infective 
or not by immunological testing, 
III. DEVELOPMENTAL BIOLOGY: 
High incidence and fertility in buffalo while low incidence 
and high sterility in other livestock indicates a possibility of 
the occurrence of different strains. Differences in the incidence 
and fertility of the cysts were not only observed in different 
animals but also within the buffalo, as the liver and lung cysts 
show considerable variation. Therefore, in order to ascertain 
the extent of differences, in vivo development was used as a 
parameter for assesssing similarity and differences in the two 
isolates. 
The results of developmental biology reveal that dogs are 
susceptible to protoscoleces isolated from buffalo liver and lung 
cysts. The worm recovery is influenced by the viability of 
protoscoleces as also emphasized by Thompson et ajL, (1984) . The 
other factor in the establishment of infection was the age of 
experimental puppies, as maximum worms were recovered from 3-4 
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months old puppies. Similar result has also been reported by Lubke 
(1973). Further, Gill and Rao (1967 b) suggested that the matura-
tion of worm is faster in younger than the adult dogs. In contrast 
to this, Gemmell et ai. , (1986 b) have suggested that the age of 
dogs has no effect on susceptibility, possibly because these 
authors have used either 3 month old puppies or beyond this age 
group. Such differences may be due to the anatomical and 
physiological differences in the intestinal region between the 
dogs of lower and higher age group. Thus, the differences in the 
worm recovery may be due to the feeding habits of puppies. The 
other possible explanation for this could be the differences in 
the rate of evagination of protoscoleces in younger and older 
puppies, which is prerequisite for the successfull establishment 
of the worm. Since, the rate of evagination of protoscoleces 
increase in the presence of bile salts (Smyth, 1967), therefore, 
it is expected that few protoscoleces evaginate in younger than 
the older puppies due to differences in their feeding habits which 
is related to the age. 
Minor differences have been noted between the protoscoleces 
derived from buffalo liver and lung cysts during the development. 
i 
The dfferences observed in the growth rate between the two 
A 
isolates may be due to individual variation as also reported for 
the British horse and sheep strains (Thompson, 1977a). 
As far as the rate of segmentation and appearance of 
genitalia is concerned, the results obtained for protoscoleces of 
lung origin are in agreement with those reported by Gill and Rao 
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(1967b) for buffalo/dog material, whereas they differ from the 
results obtained by Pandey (1972) for the parasite of goat/dog 
origin. Unfortunately, the location of the cysts was not mentioned 
in either of the above mentioned studies. It is quite surprising 
that in the region where these studies were carried out, there is 
no rigid ecological/geographical segregation through any barrier 
or quarantine restriction. The frequent interstate movement of 
animals and use of common grazing land is a usual practice of 
animal farmers. Therefore, such differences may be due to the 
greater variability and biotic potential of E. granulosus combined 
with the effect of intermediate host species. 
Besides this, certain differences were noticed in the 
process of strobilization. The calcareous corpuscles disappear 
within the first week of infection. This shows that during this 
period the worms undergo a state of metabolic shift. Von Brand 
(1979) pointed out that calcareous corpuscles are involved in the 
energy yielding mechanism through C02 fixation or regulating acid 
- base balance, which is expected during transformation of one 
microenvironment to another. On comparing our data with the study 
carried out by Thompson (1977a) on the British horse and sheep 
strains, significant differences were observed, particularly in 
the banding, segmentation and appearance of the genital pore. This 
shows that buffalo isolates are different from both the British 
horse and sheep strains. Further, Thompson (1977a) established 
the existence of British sheep and horse strain by investigating 
the developmental pattern in which horse strain repeatedly lagged 
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behind sheep strain in reaching the various stages of maturation. 
In the prepatent period, 2 days difference was observed 
between the worms of liver and lung origin. Gill and Rao (1967 b) 
have reported the prepatent period as 56-59 days with buffalo-dog 
material. However, various authors have reported different prepa-
tent periods in different isolates (Pandey, 1972; Thompson, et 
al.. 1984; Smyth, 1987). Kumaratilake et ai. (1983) have suggested 
that different strains of E.. granulosus show considerable 
variation in the onset of egg production during jjn vivo and in 
vitro development. The differences in the prepatent period may 
either be due to metabolic differences between the two isolates or 
due to the synthesis of particular proteins which are used for 
the formation of embryophore. Therefore, biochemical composition 
and protein profile of these two isolates have to be investigated. 
The present results emphasize the variability in the onset of egg 
production, which is significant for an effective time based drug 
treatment programme. It is now quite clear that generalizations 
can no longer be made for the timing of drug treatments. Thus, in 
future the differences in the developmental characteristics and 
prepatent period must be taken into account for designing an 
effective drug treatment programme in a particular geographical 
regions. 
The foregoing discussion reveals that liver and lung 
material of buffalo origin differ from each other as well as from 
other strains reported from different geographical regions. Thus, 
on the basis of differences observed in the developmental pattern, 
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it is suggested that these variations are either habitat induced 
or due to two distinct biological variants. Thompson (1977 a) has 
established two different strains (sheep and horse) on the basis 
of 2 day difference in the egg production. 
IV. BIOCHEMICAL COMPOSITION AND PROTEIN POLYMORPHISM OF 
PROTOSCOLECES: 
In order to ascertain the differences observed in the 
developmental biology between the liver and lung isolates, the 
biochemical composition has also been analyzed and compared with 
the other strains reported from different geographical regions. 
The biochemical analysis of protoscoleces isolated from 
buffalo liver and lung cysts revealed significant quantitative 
differences. The protoscoleces of lung origin had comparatively 
more glycogen and RNA than the liver isolates. The differences in 
the glycogen level can be correlated with the physicochemical 
conditions of the habitat, as lung is an 02 rich environment 
campared to liver. McManus and Smyth (1978) have demonstrated that 
the protoscoleces utilize more glycogen under jji vitro anaerobic 
condition. As mentioned earlier, the lung cysts are generally 
fertile compared to cysts examined from liver, so the higher 
glycogen and RNA level may be a factor for increased multiplica-
tion during this asexual phase of life cycle, which certainly 
demands higher energy and increased protein synthesis. Secondly 
this difference could also be correlated with the somatic 
differentiation and maturation in the definitive hosts. The lung 
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protoscoleces develop faster than liver isolate (Irshadullah and 
Nizaroi, 1992) . In a similar study, Bola and Roberts (1971) have 
suggested that later somatic differentiation in definitive hosts 
requires higher amount of carbohydrate particularly in the 
proliferative region of H. diminuta. 
The differences in the RNA levels, suggest variations in the 
nature and metabolic state of the parasite, as RNA constitutes a 
marker for overall metabolic activity (Smith and Walker, 1986). In 
the present study the concentration of both DNA and RNA was found 
higher than the Syrian sheep strain (Frayha and Haddad, 1980). 
When the ratio of DNA/RNA and RNA/protein of liver and lung 
isolates were compared (Table 23) , it was found that they show 
variation with each other as well as with other strains reported 
from different hosts and geographical regions (McManus and Smyth, 
1978; Frayha and Haddad, 1980; McManus, 1981). No apparent quanti-
tative difference was found in the total protein content, however, 
some qualitative differences were noticed when the soluble 
proteins were subjected to lEF and SDS - PAGE. 
The higher amount of lipids in the protoscoleces of liver 
origin may be a biochemical adaptation, as in buffalo,liver plays 
a predominant role in lipogenesis during thermoregulation (Khan et 
al., 1990). The observed differences in total lipids between the 
protoscoleces under study can be correlated with the metabolic and 
physiological differences of their respective microhabitats. 
Further, the cyst wall of fertile liver cysts had about 3 times 
more lipids than fertile lung cysts (unpublished results). Besides 
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Table: 23.Comparision of DNA/RNA and RNA/protein ratio of protos-
coleces isolated from different hosts and geographical 
regions. 
Host 
origin 
DNA/RNA 
ratio 
RNA/protein 
ratio 
British Strains: 
Horse 
Sheep 
1 : 16 
1 : 11 
1 : 9 
1 : 7 
** 
Kenyan Strains: 
Sheep 
Goat 
Cattle 
Camel 
Human 
Syrian 
Indian 
Liver . 
Sheep Strains: 
Buffalo: 
Isolates 
Lunq isolates 
**** 
** * 
1 
1 
1 
1 
1 
1 
1 
1 : 
11 
10 
8 
11 
15 
3 
5 
7 
1 
1 
1 
1 
1 
8 
11 
11 
10 
12 
55 
1 : 9 
1 : 6 
* Calculated from the data of McManus and Smyth (1978) . 
** Calculated from the data of McManus (1981). 
*** Calculated from the data of Frayha and Haddad (1980) . 
**** Present study. 
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this, increased accumulation of lipids have been demonstrated in 
the metabolic zones of cyst wall for the formation and insertion 
of brood capsule (Vercelli-Retta et aJL. , 1975) . These authors have 
also suggested that the resultant products of lipid metabolism 
were important in the development and growth of the protoscoleces. 
Presumably this is the reason that fertile liver cysts produce 
more larvae than fertile lung cysts of the same size, as observed 
in epidemiological study. 
Among various lipid fractions, cholesterol was found to be 
the major neutral lipids followed by triglycerides in both the 
isolates, which is contrary to the previous reports (Frayha and 
Haddad, 1980; Frahya et al. 1980) where phospholipids has been 
reported as major lipid fraction followed by cholesterol. Possibly 
these differences may be due to variation in the origin of 
parasite material. Free sterol, triacylglycerol and sterol esters 
have also been reported as major neutral lipids in S. haematobium 
(Fried et al'/ 1983; Haseeb et al., 1985). The exact physiological 
function of cholesterol is not known, however, its role as 
chemoattractant has been suggested for the metacercariae of 
Leucochloridiomorpha constantiae, Amblosoma suwaense and 
Echinostoma revolutum (Fried and Gioscia, 1976; Fried et al. , 
1980; Fried and Robinson, 1981). Significantly higher amount of 
cholesterol in the protoscoleces of liver than lung origin can be 
attributed to the nutritive state of the habitat, since liver 
plays a predominant role in lipid metabolism particularly during 
the process of thermogenesis. The lack of de novo synthesis of 
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cholesterol in larval cestode including protoscoleces (Frayha, 
1968; 1974) suggests that it is obtained either directly from the 
habitat or in an esterified form (Digenis et ai. , 1970), possibly 
by the mechanism as described by Bahr, et ai, (1979) . 
The observed amount of free fatty acids in the present study 
was found to be higher than the protoscoleces of cattle origin 
(Frayha, et aj^ . , 1980). Such differences cannot be explained at 
this stage and therefore, requires further investigation. The lack 
of de. novo synthesis of saturated fatty acids, and their 
desaturation process in cestodes suggest that they are of host 
origin. It is therefore expected that in the present study higher 
fatty acid level may be derived from host. Thus, the level and 
composition of fatty acids in helminths is regulated by the uptake 
of different fatty acids from their environment and by preferen-
tial acylation in their own free fatty acid pool (Barrett, 1981). 
In the present study the ratio of neutral to polar lipids was 
found to be as 5:1 for liver and 4:1 for lung isolates, which is 
higher than the protoscoleces of cattle origin (Frayha et al., 
1980), T. hydatiqenea cysticerci, (Kassis and Frayha, 1973) and H. 
diminuta (Ginger and Fairbairn, 1966), where the ratio has been 
reported as 0.75:1, 2:1 and 3:1 respectively. 
The analysis of phospholipid fractions reveal that in both 
the isolates five fractions were resolved. Among these fractions, 
phosphatidylcholine was found significantly higher in lung isolate 
and lysophosphatidylcholine in liver isolate. In this respect 
protoscoleces of lung origin show similarity with the previous 
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report (Frayha et. aA., 1980). Besides this, there was a 
significant difference in the unknown phospholipids of the two 
isolates. It is evident that the two isolates had comparatively 
less amount of protein and high amount of glycogen RNA, DNA and 
lipids than the Syrian sheep strain (Frayha and Haddad, 1980). But 
the present data cannot be compared with those reported by McManus 
and Smyth (1978) and McManus (1981) as they expressed their 
results in terms of dry weight of tissue. However, these authors 
have observed significant differences between various biochemical 
components among protoscoleces isolated from different hosts and 
thus considered them as different strains. 
The foregoing discussion clearly reveals that the protosco-
leces from liver and lung cysts show differences in their biochem-
ical components with each other as well as with other strains 
reported from different hosts and geographical regions. Various 
strains have been reported of different cestodes even on the basis 
of lower degree of biochemical differences (McManus and Smyth, 
1978; McManus, 1981; Bryant, 1983; Abidi, et al. 1989). Therefore, 
it can be suggested that the liver and lung isolates may also 
represent two different strains, or such differences could be due 
to the influence of habitat. 
In addition to biochemical differences, both the isolates 
also differ in their protein profile analyzed by lEF and SDS-PAGE. 
Although, the total number of polypeptides separated by lEF was 
the same but 5 characteristic polypeptides with different PI 
values were identified in each isolate. However, in SDS - PAGE 
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the total number of polypeptides was different with some characte-
ristic polypeptides of molecular weight ranging from < 14 KD to > 
205 KD. This shows that proteins of both the isolates have some 
physico - chemical differences. Whereas, 4 and 2 characteristic 
polypeptides of different PI values have been reported in the 
protoscoleces isolated from sheep of Australia and Tasmania 
respectively (Kumaratilake and Thompson, 1984b). Since, previous 
studies have demonstrated the variation in soluble proteins 
profile of different strains isolated from different host and even 
from the same host of different geographical regions (Kumaratilake 
and Thompson, 1979; 1984b, Kumaratilake, et al., 1979; Baldock et 
al., 1985). Therefore, the differences in protein profile between 
liver and lung isolates could also be correlated with the strain 
variation. However, the physico-chemical condition of the habitat 
may also exert its influence on the parasite metabolism leading to 
biochemical variations. 
It is widely accepted fact that the proteins are the first 
conceivable products of gene activity therefore, any variation in 
polypeptides would reflect the genetic constitution of the 
organism. Thus, the variation in the protein profile between two 
isolates could be due to variation in their genome or due to 
influence of surroundings, as it was pointed out that although the 
strains may have identical genomic information but changes in the 
surroundings in which that information is expressed may be 
responsible for differences (Bryant and Flockhart, 1986) . Many 
workers have demonstrated substantial level of genetic variation 
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between and within the same strain by enzyme electrophoresis, 
restriction site analysis and DNA hybridization techniques 
(McManus and Smyth, 1979; McManus and Simpson, 1985; Lymbery and 
Thompson, 1988; McManus and Rishi, 1989). In most of the previous 
studies pooled protoscoleces either from the same host or from 
different host individuals of the same species were used. However, 
recently genetic differences have even been demonstrated between 
the protoscoleces from different cysts of the same individual 
hosts (Lymbery and Thompson, 1989). Therefore, the occurrence of 
genetically different types of protoscoleces in buffalo liver and 
lung cysts may not be ruled out and hence it is suggested that in 
future studies the habitat should also be taken into account. 
It may also be possible that the asexual mode of reproduct-
ion and niche segregation of the parasite was responsible for the 
variation in protein profile which ultimately reflects variation 
in their genetic constitution. Kumaratilake and Thompson, (1979) 
have also suggested that the genetic constitution of parasite is 
reflected in their characteristic protein profiles. Further, 
according to Ferguson (1980), the genetic composition of a 
population changes gradually over the generations due to mutation, 
over production of offsprings and natural selection and only those 
genes are selected which are best adapted according to the 
condition of macro - or micro - habitats. 
It is possible that some polypeptides could be of host 
origin, as proteins of host origin have been detected at the 
parasite surface (Coltorti and Varela-Diaz, 1974; Hustead and 
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Williams, 1977) which resulted into antigen sharing and mimicry. 
In order to confirm this hypothesis it is essential to identify 
the origin of proteins by radioiodination technique. 
The number of demonstrable polypeptides in any species 
probably depends upon the sensitivity of analytical technique, 
because the number of polypeptides varies with gel staining 
technique. Comparatively higher number of polypeptide was detected 
by silver staining which could be due to its higher sensitivity as 
well as staining property of conjugated proteins (Porro et ai. , 
1982; Dzandu et al. , 1984). Whereas, CBBR - 250 dye is less 
sensitive for the detection of basic proteins as compared to 
neutral proteins and can detect calmodulin and troponin which can 
not be detected with silver stain (Irie, et al. , 1982). Thus, 
different protein classes can be detected from the same gel by 
employing different staining procedures. 
It can be concluded that both the isolates have qualitati-
vely different types of proteins. On the basis of earlier reports 
(Bylund and Djupsund, 1977; Kumaratilake and Thompson, 1979; 
1984b; Lymbery and Thompson, 1988; 1989) and present results, it 
can be suggested that protein polymorphism can be used as a valid 
parameter for generic, specific and intraspesific characteriza-
tion of helminth parasites. Further, the strain specific polypep-
tides not only represent the biochemical variation but also 
contribute to the possible existence of antigenic variation. Thus, 
the characteristic polypeptides can be exploited for immunodiag-
nostic as well as for immunoprotective studies. 
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In order to ascertain whether the biochemical differences 
were due to strain variation or due to the influence of habitat, 
it was decided to investigate the biocemical composition of the 
adult worms developed from the protoscoleces of liver and lung 
origin. It is evident from the results that the developmental 
stages of two isolates do not show any differences in their 
biochemical composition except 4 0 day stage. In this stage, the 
differences were noticed only in the glycogen and protein levels, 
which could be due to differences in egg shell formation, as the 
lung isolate had complete shelled eggs while in liver isolate the 
eggs were without embryophore. 
Thus, it can be concluded from above discussion that the 
microenvironment of the host has a profound influence on the 
biochemistry of the parasite, because when the protoscoleces of 
liver and lung origin are developed in a common physico- chemical 
condition (dog intestine) these differences were minimized. Hence, 
it is clear that the variations in their biochemical components 
are due to the influence of different microenvironments. 
V. BIOCHEMICAL TURNOVER DURING DEVELOPMENT: 
The turnover of various biochemical components during the 
development of adult parasite in dogs reflect the preponderance of 
anabolic and catabolic processes, which indicate that biochemical 
components remain in a dynamic state. During the life cycle, 
parasite faced different physico-chemical environments, which 
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r e s u l t e d i n to corresponding a l t e r a t i o n s in t h e i r metabolism. 
Singnif icant ly lower level of glycogen and prote ins in 16 day old 
worms than larvae (0 day) indicate tha t these components are being 
a c t i v e l y u t i l i z e d for the e s t ab l i shmen t , growth and c e l l u l a r 
d i f f e r e n t i a t i o n s . Similarly, i t has been demonstrated by in v i t ro 
s t u d i e s t h a t the glycogen l eve l f a l l s t i l l f i r s t 8 days of 
c u l t i v a t i o n and thereaf ter increses (Smyth, 1967). The biochemical 
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turnover on other larval helminths also suggests the utilization 
of endogenous reserves during the development of embryo (Wilson, 
1967; Weston et al,/ 1984; Khan et al. , 1991). It may also be 
possible that during the early phase of development the worms 
require different protein precursors for diversified metabolic 
processes and therefore the worms utilize the protein reserves in 
addition to free pool of amino acids. Further, the low amount of 
protein in 16 day old worms could be correlated with the decreased 
activity of protein synthesis, because the amount of RNA also 
decreases in this stage. It has been emphasized that the protein 
synthesized under the control of maternal genes are gradually 
replaced during development by the organism genes (Khrushchev, 
1981) . 
After 16 days p.i. all biochemical components increased with 
progressive development of the organism which can be correlated 
with the differentiation of cells, organogenesis and maturation 
process, as various organs and segments appeared after this stage 
(Irshadullah and Nizami, 1992). Presumably organogenesis initiate 
the begining of the synthesis of different structural proteins and 
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enzymes and therefore, the level of various biochemical components 
especially proteins and RNA were found increased. 
Further, the biochemical differences among different 
developmental stages can also be correlated with the age of the 
parasite and nutritional status of the hosts. Maximum 
concentration of proteins particularly during egg production (40 
days old worms) can be attributed to increased vitellogenesis, 
synthesis of egg shell proteins and high protein contents of the 
eggs present in utero. 
The maximum glycogen level was observed in 24 days old 
worms, having fully developed reproductive organs (testes and 
ovaries) and thereafter the level decreases in 32 and 40 days old 
worms. Such differences may be due to the utilization of glycogen 
for egg production during the later phase of development. 
Similarly, maximum glycogen level has been reported in G. 
crumenifer before the onset of egg production (Khan et al,, 1990) . 
The significant increase in RNA with slight change in DNA 
among different developmental stages, suggests that DNA dependent 
RNA synthesis may not be involved , as suggested for moluscan eggs 
(Moscona and Monroy,1966). The substantial increase in DNA level 
from 16 to 24 days stages could be due to cellular proliferation 
and thereafter the differences between subsequent stages were 
found insignificant, which indicates that DNA synthesis stopped 
during the later phase of development. At this stage, it is 
difficult to explain the variation in nucleic acids because little 
is known about the de novo synthesis of nucleic acids and their 
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metabolism during the development of helminth parasites. 
With few exception the level of lipids were more or less 
constant among different developmental stages, which suggests that 
like other cestodes the level of lipids depend on the host diet 
rather than organogenesis (Botero and Reid, 1969; Nigam, 1979). In 
contrast to this, lipid content has been reported to be changed 
significantly with the age of H. diminuta (Mettrick and Cannon, 
1970) . Exceptionally higher amount of lipids in 24 days old worms 
may be due to the fact that this stage absorb large amount of 
lipids in order to get enough fatty acids or fat soluble vitamins 
for increased fecundity (Barrett, 1983). 
Among lipid fractions, triglycerides were found as a major 
component in 16 and 24 days stages which may act as secondary 
source of energy. The gradual decline of triglycerides in 32 and 
40 days stages reflect their utilization for energy production 
during cellular differentiation, growth and egg production. 
Fairbairn (1955) has also reported the utilization of esterified 
fatty acids and triacylglycerol in energy production during 
embrynation of Ascaris eggs. Generally cestodes are known to 
synthesize triglycerides and phospholipids. However, they are 
unable to synthesize cholestrol and saturated fatty acids de novo, 
therefore, these components may be absorbed directly from the 
habitat. Presumably the increased level may be due to their rapid 
absorption from microhabitat. Significantly higher amount of free 
fatty acids in 40 day old worms may be due to their storage in 
onchosphere, which could be a biochemical adaptation for the free 
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living phase, as fatty acids provide more metabolic water upon 
oxidation than other metabolic fuels ( Murray et ai-/ 1988). The 
increased level of phospholipids during the course of development 
may be involved in molecular reorganization and metabolism 
particularly in membrane synthesis. Considerable amount of 
phospholipids have been reported from surface plasma membrane of 
E. granulosus (Ali, 1991) . 
Further, the biochemical components of adult worms developed 
from the protoscoleces of liver and lung origin do not show any 
marked variation with the exception of glycogen and proteins. This 
indicates that the differences in the biochemical composition 
between protoscoleces might be associated with the habitat 
variation, which ultimately minimized when they developed into 
adult in a common habitat (dog intestine). However, differences in 
the glycogen and protein levels may be attributed to the presence 
and absence of the embryophore. 
Besides the biochemical components, some enzymes were also 
analyzed in different developmental stages, which reveal a similar 
turnover phenomenon. It was observed that all enzymes except GPT 
and ACPase show an increasing trend during the transformation of 
one stage to another. This increasing pattern may possibly be due 
to their higher rate of synthesis in order to fulfil., the 
metabolic requirement for the organogenesis and egg production. As 
it has been suggested that the metabolism of adult parasite is 
always geared towards reproduction (Barrett, 1981). 
The activity of LDH and SDH in the protoscoleces understudy 
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was found higher than those reported by McManus and Smyth (1982). 
These enzymes have also been demonstrated in other cestodes which 
catalyze the terminal reaction of glycolysis leading to the 
formation of lactic acid. The other possibility for increased 
level of enzymes among different developmental stages could be due 
to synthesis of new isoenzymes, as different isoenzymes have been 
demonstrated in various developmental stages of H.diminuta (Walkey 
and Fairbairn, 1973; Logan et ajL, . 1977). Macpherson and Smyth 
(1985) have also reported an additional isoenzyme of glucose-
phosphate isomerase in adult E. granulosus and suggested that this 
is due to synthesis of new isoenzymes to adapt different physiolo-
gical condition of the small intestine in definitive host. 
The increased level of SDH during the course of development 
can be correlated with the mitochondrial biogenesis as it begins 
immediately after evagination of protoscoleces (Jha and Smyth, 
1971) . It is possible that E. granulosus catabolize substantial 
amount of carbohydrate via TCA cycle. The higher level of SDH in 
adult E. granulosus than its larval stage could be a metabolic 
adaptation to a higher 02 tension. As the dissolved 02 in the 
pulmonary bovine cyst fluid ranged from 2.8 to 3.12 mm per ml 
(Farhan et aj,., 1959) , while in the small intestine of mammals 02 
concentration ranges from 0 - 65 mm Hg (Barrett, 1981) . 
The higher level of GOT than GPT in the protoscoleces is 
similar to those reported by Frayha and Haddad (1980). These 
authors have reported that GOT was 10 times more concentrated than 
GPT in the protoscoleces of Syrian sheep. The transaminases have 
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also been reported in a number of helminth parasites (Barrett, 
1981). Further, during the course of development of adult worms, 
the GOT level goes higher while GPT level goes down. The higher 
level of GOT than GPT both in larval and adult stages of the 
parasite suggests that possibly GOT is more active than GPT 
throughout the life cycle of this parasite. The increased level of 
GOT may be a metabolic adaptation of the parasite for quick 
transamination of amino acid into oxaloacetate, which is an 
important intermediate of the TCA cycle. 
Among phosphomonoesterases, the activity of AlPase was found 
higher both in larval and adult stages of E. granulosus. This is 
contrary to the cysticercus of T. pisiformis where predominant 
occurrence of AcPase has been reported (Erasmus, 1957 a) . Phospha-
tases are widely studied enzymes which have been identified in a 
number of helminths both histochemically (Lumsden, 1975) and 
biochemically (Von Brand, 1979; Smyth and Halton, 1983). These 
phosphomonoesterases have frequently been associated with 
absorptive functions at the parasite surface. The higher level of 
AlPase in the adult as compared to larvae could be correlated with 
the tegumental turnover, as this enzyme is usually found predomin-
antly in the tegument of cestodes and the level changes during 
development (Barrett, 1981). Thus, any change in the tegument 
could possibly bring about changes in the activity of AlPase. The 
other possible reason for higher activity of AlPase in adult could 
be due to its occurrence in the reproductive organs and uterine 
walls, as this enzyme has been demonstrated hisotochemically in 
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reproductive organs of M. expansa (Erasmus, 1957 b). Further, the 
variation in the level of these enzymes among different 
developmental stages could be correlated with the differences in 
organogenesis and maturation. Erasmus (1957b) has demonstrated a 
zonation of enzyme activity in M. expansa by histochemical and 
biochemical tests and suggested that such uneven distribution may 
be due to metabolic differences between proglottids at different 
stages of development. 
The turnover of various enzymes during the course of 
development of E. granulosus reflects the metabolic changes during 
the transformation of one stage of the parasite to another. 
According to Barrett, (1981) the metabolic changes during the life 
cycle of the parasite may include alteration in the intercellular 
distribution of enzymes as well as different isozymes are 
functioning in the adult and larval stages. At the present state 
of knowledge it is difficult to correlate the exact function of 
various enzymes in different developmental stages, therefore, 
further studies are required on isozyme profile and their 
intracellular distribution in parasite. 
Besides the biochemical and enzymatic turnover during the 
development of E. granulosus, the polypeptide profile was also 
investigated. It was observed that most of the polyptides were 
common among all the developmental stages (0 - 4 0 days old) , but 
there are some characteristic polypeptides which are present 
either only in one stage or shared by more than one stage. Such 
variations may be due to the presence of stage specific genes, 
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which controls the synthesis of stage specific polypeptide during 
the course of development. As Roger and Petronijevic (1982) have 
suggested that the development of the parasite is controlled by 
set of genes, some of the genes are stage specific while others 
may be active in more than one stages. The appearence and 
disapearence of polypeptides during the parasite development could 
be due to the tegumental turnover or synthesis of new proteins at 
a particular stage required for growth, organogenesis and 
maturation. The polypeptide turnover would possibly lead to 
differential host immune response at different age of infection, 
as Ali (1991) has demonstrated different IgG response in 4, 16, 24 
and 42 days p.i. sera by using soluble and membrane antigens of 
protoscoleces and suggested that such response may be due to 
tegumental changes. Tegumental turnover has also been reported in 
helminths (see ref. in Podesta, 1982). 
The number of characteristic polypeptides varied with the 
staining technique. In total 12 and 9 characteristic polypeptides 
were observed in different stages by silver and CBBR - 250 
staining respectively. The reason for such variation could be due 
to sensivity of the techniques as discussed in the protein 
polymorphism of protoscoleces. In 0 day stage (protoscoleces) two 
polypeptides of 19 and 4 0 KD molecular weight were found stage 
specific by CBBR - 250 staining while, 3 polypeptides, 2 having 
>205 KD and other has 205 KD were resolved by silver staining. 
These polypeptides present only in protoscoleces while, absent in 
other developmental stages. The disappearence of such polypeptides 
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can be correlated with the absence of calcareous corpuscles 
protein complex in adult stage, which has been reported mostly 
from the larval cestodes (Smyth and McManus, 1989; Smith and 
Richards, 1993) . Moreover, in vitro and iri vivo studies have 
showed gradual reduction and finally disappearance of calcareous 
corpuscles during strobilar development of protoscoleces (Smyth, 
1967; Irshadullah and Nizami, 1992). 
In 16 days old worms, 17 and 34 KD polypeptides were found 
stage specific which correspond to the initiation of banding and 
fromation of genital rudiment. Two stage specific polypeptides 
having 56 and 44 KD molecular weight were resolved in 32 day old 
worms, which could be responsible for the formation of uterine 
cells which is a characteristic feature of this stage (Irshadullah 
and Nizami, 1992). In 24 and 40 days old worms, no stage specific 
polypeptide was noticed. However, some common polypeptides were 
observed in various developmental stages (Table 20), indicating a 
common organogenesis pattern. Therefore, such similarity and 
diversity in the polypeptide profile is significant, as the 
biochemical unity must receive as much attention as biochemical 
diversity because, undue importance of any one will give a 
distorted picture. In the present study 50 and 148 KD polypeptides 
were found common among all developmental stages except the 
infective larval stage (protoscoleces), which could be of great 
importance for immunodiagnostic and prophylactic studies. 
The foregoing discussion clearly reveals that different 
developmental stages have qualitatively different polypeptides and 
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thereby exhibits biochemical heterogeneity. The polypeptide 
turnover during the course of development leads to suggest that 
presumably different stages show variable antigenicity and hence 
differential host immune response is expected. However, since all 
proteins are not antigenic therefore, in the future studies the 
antigenicity of stage specific polypeptides should be investigated 
in order to ascertain their significance in immunodiagnostic and 
prophylactic studies. 
VI. HISTOPATHOLOGICAL AND HISTOCHEMICAL STUDIES; 
(a) Experimentally infected dogs: It is evident that both the 
isolates of protoscoleces are successfully established in the 
puppies. After evagination, the suckers firmly attached to the 
intestinal mucosa and prevent the dislodgement of worms during 
peristaltic movement. The size of plug (grasped tissue) increases 
with the age of infection and thereby provides firm attachment 
specially during the later period of infection. In addition to 
this, rostellum of mature E. granulosus was found to be inserted 
deeply into the crypts of Lieberkuhn which may be of particular 
physiological significance. It is possible that due to firm 
attachment, mature worms can not migrate up and down or between 
adjacent villi. In contrast to this, migration in other cestode 
may be due to relatively superficial attachment to the intestinal 
mucosa (Rees, 1967; Featherstone, 1969; Coman and Rickard, 1975; 
Beveridge and Rickard, 1975). The grasped tissue become necrotic, 
indicating damage to the intestinal mucosa. Hooks apparently 
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causes little damage, probably due to their superficial penetra-
tion into mucosa, Thompson et aj^ . (1979) have also observed that 
hooks superficially damage the columnar epithelium and the 
microvilli by transmission electron microscopy. 
The atrophy of villi in the infected intestine of dogs may 
result in the loss of surface area for absorption. Similarly, the 
loss of surface area in rat and sheep intestines due to villus 
atrophy has also been reported in N. brasiliensis and T. 
colubriformis infections respectively (Barker, 1973b; Symons, 
1976). Changes in the absorptive surface area may be responsible 
for impaired digestion and malabsorption of water and electrolytes 
leading to diarrhoea. A similar suggestion was also made for 
intestinal trichinosis and trichuriasis (Castro et aj,., 1967; 
Mathan and Baker, 1970), and the degree of malabsorption depends 
on the severity of infection (Symons et ai.. 1971). The impaired 
intestinal absorption of electrolytes and water may also be a 
consequence of reduction in the pore size of mucosal membrane in 
many parasitic infections (see Mettrick and Podesta, 1974). 
The cellular infilteration at the site of worm attachment in 
16 days p.i. indicate the involvement of immunocompetent cells at 
early phase of development. Such accumulation of host cells in 
parasitized intstine has also been reported by Smyth et al. , 
(1969a). However, Thompson et al. (1979) and Thompson and Eckert 
(1983) were unable to demonstrate the cellular infilteration at 35 
days p.i. This variation may be due to the fact that the later 
workers have examined the aged E. granulosus infection. The 
218 
infilterated cells were differentiated as lymphocytes, neutrophils, 
and plasma cells, as has also been demonstrated in various 
cestode infections (Rees, 1967; Lumsden and Karin, 1970; Pappas, 
1976) . It was also observed that the degree of cellular 
infilteration was higher in early than later phase of infection, 
indicating that probably the cell mediated immunity operate in 
early period. Ahmad (1992) has confirmed that the cell mediated 
immune response occurs at early phase of E.granulosus infection in 
dogs by migration inhibition test. Further, Houba (1976) has 
suggested that as soon as the antigen reaches the blood 
circulation, it stimulates the complement system and provokes the 
immunocompetent cells which are responsible for cellular immunity. 
The cell mediated response in helminth infection is important 
because, it probably helps in destruction, stunting growth and 
finally rejection of the parasite, as observed in H. diminuta 
infection in mice (Hopkins et aJ., 1972). 
In the present study some specialized cells on the rostellum 
of E. granulosus were also observed which possibly release 
secretory material at the host parasite interface. Smyth (1964 a) 
has observed the globular secretions from the rostellar gland of 
35 days old worms during iji vitro culture. Similar glands have 
also been reported from other cestodes (Farooqi, 1958; 1986; 
Andersen, 1975 a, b; Hayunga, 1979; Specian and Lumsden, 1981). 
The mechanism for release of secretory material is not clear, it 
may be analogous to holocrine secretory process (Thompson et al., 
1979) . 
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At present it is difficult to assign any specific function 
to the rostellar gland secretion, however, on the basis of their 
location and cytoplasmic nature different speculations have been 
made. The secretion might help in the lysis of host tissue for 
deeper penetration of the rostellum (Thompson et al.. , 1979) or may 
help in firm attachment to the host tissues which, is a 
prerequisite for apolysis, as it was shown by iri vitro study that 
unattached worms do not shed their terminal proglottids (Thompson 
and Eckert, 1982). The secretions of the rostellar glands may 
also act as functional antigen (Rickard, 1983). Thus, presumably 
the adult scolex may provide better antigenic material than the 
larval protoscolex in which these glands are not developed (Smyth, 
1964 b). Therefore, it is proposed that the immunological role of 
the secretion should be investigated. However, in a recent study 
Kanwar and Vinaik (1993) have localized the antigen on the 
hooklets of protoscoleces by using indirect flourescent antibody 
technique.Besides this, different authors have suggested that the 
secretion of rostellar glands involved in various physiological 
functions such as hook formation, nutrition, adhesion, maturation 
of ova, release of gravid segment, protection of the parasite 
against host's digestive enzymes and mitochondiral biogenesis 
(Smyth, 1964 a; Jha and Smyth, 1971; Thompson, et al-/ 1979). Some 
of these physiological functions have also been attributed to the 
secretions of other cestode spe:ces (Farooqi, 1958, 1986; Ohman-
James, 1973; Andersen, 1975a; Gustafson and Vaihela, 1981). 
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The other important feature observed in the present study 
was the tegumental turnover during iri vivo development of the 
parasite. The tegument of 4 0 days old worms was found thicker than 
3 6 days old worms which could either be due to accumulation of 
secretory/excretory products or due to differential immune 
response of the host. The differential IgG response has been 
demonstrated from sera collected at different stages of 
development with maximum response at 4 0 days p.i., which may be a 
consequence of tegumental turnover or antigenic polymorphism (Ali, 
1991) . Tegumental changes have also been reported in C_. 
complanatum and S.. mattheei by SEM during their in. vivo 
development (Abidi et al., 1988; Kruger and Joubert, 1990). It is 
possible that the tegumental changes are biochemical adaptation as 
a consequence of hostile internal environment. The increased 
thickness is due to the deposition of secretory products 
synthesized by the subtegumental cells and thereafter transported 
and deposited on the surface of the parasite. It was observed that 
the sub- tegumental cells in 40 days old worms were also found 
enlarged which could be due to higher secretory activity. In 
addition to this, adsorption of host's immunoglobulins and 
macromolecules have also been reported from different cestodes 
(see ref. in Pappas, 1983). It has also been reported that 
antibodies have no deleterious effect on cestode because, of the 
rapid turnover of the tegumental membrane (Oaks and Lumsden, 1971) 
and adsorption of intact immunoglobulins by the parasite 
(Threadgold and Hopkins, 1981). 
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Further, the distribution of acid mucopolysaccharides and 
mucosubstances in the tegument reveal that they might be 
associated with the protective and osmoregulatory mechanism. 
The occurrence of collagen may provide extensive support to 
protect the eggs during contraction and relaxation of the 
parasite, as collagen has been reported to have protective 
function in vertebrates (Lehninger, 1984). The parenchymal region 
was found compressed in 40 days old worms, possibly to accomodate 
more eggs or to provide more space which prevent the friction 
between the eggs during the contraction of the parasite. 
It can be concluded from the above discussion that structu-
ral as well as physiological changes take place during the in vivo 
development of E. granulosus in order to establish a well adjusted 
host-parasite relationship and to overcome the physico-chemical 
conditions of the microenvironment. However, further studies are 
required to ascertain the antigenic response of the tegument 
during the course of development of parasite. 
(b) Experimentally Infected Goats; The adult worms containing 
hexacanth developed from the protoscoleces of buffalo liver and 
lung cysts were fed to goats, in order to study the cross 
infectivity and pathological events caused by developing hydatid 
cysts. It is evident from the results that the freshly isolated 
eggs of E. granulosus are infective to goats and liver is the most 
preferred site for cyst development, as also observed in 
epidemiological study. However, freshly shed eggs of T. multiceps 
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have been shown to be non infective (Willis et al; 1981) . This 
shows that the eggs of E. granulosus were fully matured before 
being released from the definitive host whereas, other taeniid 
eggs at the time of expulsion are probably at different stage of 
maturation (Gemmell, 1977). 
The slow growth rate and sterile nature of the cysts in 
goats when infected with buffalo/dog material indicates that 
possibly goat is not a suitable host or the parasite may 
represent different strain.It is suggested that slow and variable 
growth rate of hydatid cysts depend on the strain of parasite, 
the host species and the degree of infection (Thompson, 1986). 
Comparatively, faster growth rate of the cysts in lung than in 
liver may either be due to the availability of 02 or spongy nature 
of the tissue as pointed out earlier. The host inflammatory 
response may also be responsible for restricted growth and 
metastasis of the cysts (Ali - Khan and Siboo, 1980a). 
All recovered cysts from infected goats after 12 months p.i. 
were small and sterile. However, the production of brood capsule 
in hydatid cysts of mice, pigs and sheep has been reported in 195 
days, 10-12 months and 10-48 months respectively (Heath, 1973; 
Colli and Schantz, 1974; Slias, 1980). The fertility of the cysts 
can be correlated with the suitability of the hosts rather than 
the sizes of the cysts, as it has been suggested that fertility of 
the cysts does not depend on size and the cysts as small as 2 mm 
diameter were reported to be fertile (Colli and Schantz, 1974; 
Edwards, 1981). 
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The histopathological results reveal that a complex and 
differential host reaction occurs around the cysts of liver and 
lung, which may be due to differences in their physico-chemical 
condition. The differential nature of host response may also be 
due to the toxic exudates of the parasite which can pass thorugh 
cyst wall into surrounding tissue (Annen et aj^.,1981). The fibrous 
adventitious layer was found to be thicker in lung as compared 
to the liver cysts, which may provide an immunological barrier for 
the penetration of immunocompetent cells or immunoglobulins and 
consequently help in the faster growth rate of the cyst.Since, 
this layer is the product of host inflammatory reaction response 
therefore, the differences in their thickness may be due to 
variable initial habitat response, which has been shown to vary 
with time, strain of the parasite, host species and type of 
invaded tissues and thus govern the fate of developing 
metacestode (Cameron and Webster, 1969; Smyth and Heath, 1970; 
Slias and Vanek, 1980; Thompson, 1986). 
Further, the thickness of the adventitious layer may be 
responsible for the sterility and fertility of the liver and lung 
cysts. Thick adventitial layer may prevent the infiltration of 
host's cells to the developing cysts and therefore contributes to 
higher fertility of the cysts. Similarly, the lack of brood 
capsule production in pigs and cattle has been correlated with the 
lack of adventitious layer (Thompson and Lymbery, 1990 b) . Besides 
this, the laminated layer of lung cysts was found thicker than 
liver cysts which prevent the access of host defence cells by 
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offering iininunologically inert barrier (Coltorti and Varela-Diaz, 
1974) and therefore protect the cysts from immunological attack. 
At the site of cyst development, cellular infiltration was 
also noticed, which is non - specific and common in many cestode 
infections (reviewed by Arme et al. , 1983). Similarly, Ali-Khan 
and Siboo (1980 a, b) have reported infiltration of histiocyte and 
neutrophils in infected mice with E. multilocularis. 
Thus, it can be concluded that goat is not a suitable 
intermediate host for buffalo/dog material and the differential 
habitat responses are due to variation in the immunological status 
and physico-chemical conditions of the habitats. Earlier 
pathological studies on alveolar echinococcosis in mice have also 
suggested that immunological events play a major role in shaping 
the progress of the disease and growth of the cysts (Ali - Khan 
and Siboo, 1980 a; b). 
VII. PATHOPHYSIOLOGICAL STUDIES: 
The pathophysiological results clearly indicate marked 
changes in the level of serum enzymes during the course of E. 
granulosus development in dogs. Such changes have also been 
reported in other parasitic infections (Le Bars and Banting, 1976; 
Holmes, 1986).The higher level of various enzymes at early period 
of infection can be correlated with the mucosal damage caused by 
the scolex of the parasite during the process of their 
establishment. It is possible that due to such damage there is 
leakage of various enzymes from infected tissues into serum. Such 
22S 
mucosal damage induce decreased level of brush border enzymes in 
parasitized intestine (Jones, 1983). 
The results of the present study, particularly at the early 
and later phase of infection are important for detecting the 
infection. Since, there was a significant rise in the level of 
SCOT, LDH and AlPase at early phase (4 p.i.) therefore, these 
enzymes can be used to ascertain the establishment of experimental 
infection but could not be used under field conditions where, the 
age of infection is not known. Besides this, there was a signifi-
cant decrease in AlPase level during the later phase of infection, 
which could also be used as a marker enzyme under field 
conditions. 
The level of serum albumin and globulin showed considerable 
variation in infected and control animals, however the total 
proteins remain more or less same. The decreased level of albumin 
after 4 days p.i. can be correlated with the leakage from damaged 
epithelial mucosa due to increased permeability of capillaries, as 
it is a common phenomenon in other parasitic infection (Nielsen, 
1976; Von Brand, 1979). Similar decrease in serum proteins has 
also been reported in C. bovis infection, which was associated 
with liver damage and was non - specific (Cena, 1976). In 
contrast to albumin, globulins were found significantly higher 
particularly in 24 and 32 days p.i. sera, which can be attributed 
to the humoral immunity, as maximum circulating IgG response was 
detected in 24 days p.i. sera by dot blot analysis (Ahmad, 1992). 
Further, decrease in serum albumin and increase in B and 'Y 
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globulin has also been reported in Ligula infection (Guttowa and 
Honowskawa, 1973). These changes in serum protein profile in 
infected dogs with E. granulosus are non - specific and can not be 
used for diagnosis. 
VIII. HEMATOLOGICAL STUDIES:; 
Besides the biochemical changes in the sera of infected 
dogs, some hematological investigations were also carried out. The 
significant loss of RBC at later phase of infection could be 
correlated with the deeper penetration of rostellum and 
haemorrhagic condition, as intestinal haemorrhage has been 
reported in E. granulosus infection (Rees, 1967). The other 
possible reason for the decreased level of RBC counts could be the 
production of toxins, which influence the life span and the 
production of RBC (Horak et al,-/ 1968). It may also be possible 
that vit. B12, an essential component for erythropoesis is either 
not absorbed by the parasitized intestine or utilized by the 
parasite (Von Bonsdorff, 1956; Nyberg, 1963; Gardiner, 1966). 
Sinclair (1965) has suggested that the anaemia is caused by the 
disturbed activity of reticuloendothelial system which leads to 
the decreased production and increased destruction of erythrocytes. 
Similarly massive loss of RBC due to haemorrhage has been reported 
in various helminth infections (Holmes, 1987). 
Total leucocyte counts were found significantly higher in 
early phase of infection (4 - 24 days p.i.), which can be correla-
ted with the CMI response, as Ahmad (1992) has observed increased 
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level of CMI in early phase of E. granulosus infection in dogs. 
Similarly, Al- Khalidi (1982) has shown that in early phase of E. 
granulosus infection mainly macrophage response prevails. 
In experimental infection about 28,000 protoscoleces were 
fed to puppies but the recovery of worm was approximately 4,000 
to 5,000. This low worm recovery may be due to rejection of worms 
by the hosts with the involvement of CMI response. It can be 
correlated with the release of histamine which has been shown to 
be involved in the worm expulsion (Abbud - Filho et ajL. , 1982). 
Further, Katiyar and Anuradha (1989) have suggested that various 
cellular and soluble factors are being released by the hosts 
which initiate chain of events leading to worm expulsion. It has 
also been reported that mast cells release histamine, serotonin 
and bradykinin which is activated by IgE - antigen interaction. 
These compounds then act on the smooth muscle, mucus glands and 
blood vessels and thus play an important role in response to 
intestinal infections. 
In differential leucocyte count, neutrophils increases in 
the early period of infection and then decreases, while increased 
lymphocyte count was observed throughout the infection. This may 
be due to the metabolic and antigenic activity of the worm 
(Blazek, et ai. , 1981).Increase in monocyte and polymorphonuclear 
leucocytes have been reported in Liqula infection in fish 
(Shpolyanskaya, 1953). It has been suggested that lymphocytes 
release a chemotactic factor which help in the accumulation of 
eosinophils and neutrophils and may cause damage to the parasite 
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(Dineen and kelly, 1973; Butterworth, 1984; Anuradha and Katiyar, 
1987). Further, the initial fall in PCV at 4 days p.i. and minor 
differences in haemoglobin are due to the loss of RBC or due to 
decrease in mean corpuscular volume, as signifncant decrease in 
MCV was also observed at 4 days p. i. Similarly, many workers have 
also reported fall in PCV and haemoglobin concentration due to 
various other parasitic infection in different vertebrates 
(Kadhim, 1976; Arme et al., 1983). 
The foregoing discussion reveal that some haematological 
changes occur in the host due to E. granulosus infection. These 
changes are non-specific type and can not be used as diagnostic 
marker for E. granulosus infection. 
IX. SCANNING ELECTRON MICROSCOPY: 
The protoscoleces and adult worms were examined under SEM 
for topographical changes during development.lt was observed that 
in the protoscoleces the microtriches were confined only in the 
scolex region while in the adult worms morphologically distinct 
types of microtriches were present all over the body surface. The 
polymorphic form of microtriches has also been reported in adult 
E. granulosus. Proteocephalus tidswelli and tetrathyridium of 
Mesocestoides • corti (Jha and Smyth, 1969; 1971; Hess and 
Guggenheim, 1977; Thompson et aj,. 1980; 1982; Voge et al.^ 1979). 
The structural differences in the size and form of the microtri-
ches in various regions of the body suggest that they are possibly 
involved in different physiological functions. 
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The microtriches in the scolex of both larvae and adult are 
generally long filamentous types which may provide cushioned base 
for the absorption of nutrients, as the anterior portion of the 
worm generally remained embedded in the intestinal mucosa. Such 
close contact with the host tissue may also suggest the functional 
role of the microtriches in maintaining an effective host-parasite 
interface. A number of workers have also suggested that the long 
filamentous microtriches significantly amplify the surface area 
for absorptive functions (Jha and Smyth, 1969; Thompson et al. 
1980; 1982) . 
On the other hand blade-like microtriches were noticed on 
the rest of the strobila of adult worm while absent in protosco-
leces which could be a morphological adaptation according to 
ecological niche. In blade-like microtriches, two types viz., thin 
and thick were noticed and their distribution were also confined 
in a specific region. The thin blade - like microtriches were 
predominantly present in the neck and interproglottidal regions, 
while thick blade-like microtriches were observed on the general 
surface of the mature and gravid segments. It is very difficult to 
assign any definite function on the basis of shape and distri-
bution of these microtriches. However, it can be suggested that 
thin microtriches may be involved in signal transduction which 
help in the perception of any chemical changes in the microhabitat. 
Moreover, it was demontrated by in vitro culture, that due to lack 
of certain physiological requirements (solid phase) the worms 
developed into monozoic form (Smyth, 1971; Smyth and Davies,1975). 
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Besides this, surface sensory endings and receptors have also been 
reported from many larval and adult helminths (see ref. in 
Irshadullah et aj,. , 1990) . Some of these sensory endings act as 
tangoreceptors• It is likely that a neurosecretory mechanism 
intervenes in the process of proliferation or segment detachment 
with environmental cues. There is an increasing evidence for the 
wide-spread distribution of physiologically active neuropeptides 
in parasitic platyhelminthes (Falkmer et aJL. 1985; Wikgren et al. 
1986) . Although, the involvement of neuropeptides in the control 
of proliferation and segment detachment has yet to be demonstrated. 
In cestodes there is no discrete structural partitions between 
proglottides and therefore the demarcation of each proglottid is 
purely an external phenomenon caused by infoldings of the tegument 
(Mehlhorn et ai. , 1981). Therefore, it is possible that in these 
regions microtriches perceive the external stimuli leading to the 
localized muscle contraction which resulted in the detachment of 
gravid segment. 
The distribution of thick blade-like microtriches on the 
general surface of mature and gravid segments suggest their 
possible role as ancillary support to the worms or as physical 
guards against host immunocompetent cells (Lumsden et al. 1982). 
They may amplify the free surface area of the tegument for 
absorption, since terminal and penultimate segments remain free in 
the lumen of the intestine. The thick blade-like microtriches 
appear to have flexible tips and only the base appears to be 
rigid. The flexible tips possibly provide a cushion and prevent 
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the worms from any injury by the host intestinal peristaltic 
movements, and the rigid base probably enables the worms to sweep 
their absorptive surface apart from the host surface and thus 
maintain a free flow of nutrients at the host-parasite interface. 
Similar functions have also been proposed for rigid blade like 
microtriches of E. granulosus and P. tidswelli (Thompson, et al. , 
1980; 1982). The other possible function, assigned to these 
microtriches is in immunological protection by preventing the 
contact of the macrophages (Voge et aj^ . , 1979). 
In the present study the bulbous or club shaped endings were 
observed at the tip of the filamentous and thick blade-like 
microtriches. Such apical bulbous endings have also been reported 
in D.dendriticum, tetrathyridium of M. corti. and E. granulosus 
(Andersen, 1975b; Hess and Guggenheim, 1977; Thompson et. al, 
1982). Further, Sosa et al. (1977) have reported that the external 
surface of C. cellulosae is covered with a loose fuzzy layer of 
glycocalyx, and the blebbings on the tip could be a mechanism for 
the release of glycocalyx material. Similar function can also be 
assigned to the bulbous structure observed on the microtriches in 
the present study. 
X. TOPOGRAPHICAL EFFECT OF SOME DRUGS: 
After the treatment with drugs, apparent changes were 
noticed in the topography of scolex and soma region of protosco-
leces. The drugs belonging to different groups were found to 
produce variable effect. Such differences may be due to variation 
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in the permeability of drugs or binding with surface receptors 
and the detoxification mechanism in parasites. As the enzyme 
glutathione -S-transferase has been detected in the protoscoleces 
which catalyzes the conjugation of the substances with glutathione 
to initiate detoxification mechanism (Morella et ai. , 1982). The 
differences in the nature and degree of damage induced by various 
drugs may also be due to variation in their particle size (Gordon, 
1956). 
The benzimidazole derivatives, mebendazole and fenbendazole 
did not produce any apparent topographical damage, however 
shrinkage and deeper pits like events were noticed only in the 
soma region. Previously the effect of these drugs were not tested 
in vitro, however their in vivo trials have been studied in 
secondary hydatidosis in mice (Heath et al> / 1975; Eckert et ajL. , 
1978; Verheyen, 1982), where severe damage to the cysts were 
noticed after prolonged treatment of infected mice with benzimida-
zole derivatives (500 ppm in food). Similarly/ the time related 
topographical changes have also been reported in the mature 
metacestode of T. taeniformis after the treatment of infected mice 
with Mbz (Borgers et al., 1975; Verheyen et aj,., 1978). These 
changes included the gradual disappearance of microtriches and 
progressive degeneration of the tegument resulting in an irregular 
surface with grooves, holes and crater formation. The differences 
between the present study and earlier reports may be due to 
prolonged treatment or due to the in vivo condition. 
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It may be possible that these drugs act on the membrane and 
cause changes in electrochemical gradient which ulitmately affect 
the transport mechanism and therefore responsible for the 
shrinkage of the body. Mebendazole has been shown to bind with 
tubulin, which is regarded as a primary mode of action of certain 
benzimidazole compounds (see ref. in Coles, 1983). Further, Mbz 
appears to make larval cestode more vulnerable to attack by the 
immune reaction of the host as increased number of host cells were 
found to be attached to the tegument after chemotherapy (Borgers 
et al., 1975; Verheyen et al., 1978). 
The drugs belonging to salicylanilide group produce differ-
ent types of topographical damage which could be due to different-
ial uptake as well as distribution of the compounds on the 
parasite surface. However, the degree and extent of damage varied 
with the region of the worm which could be explained by the 
existence of a metabolic gradient along cestode, as reported in H. 
diminuta (Coles and Simpkin, 1977). Further, it was also reported 
that a single drug may have one or multiple mode of action on 
parasite (Fairweather et aj,. , 1984). 
In the present study the lesions and peeling of tegument 
induced by the closantel on the surface of protoscoleces was 
similar to that produced by ivermectin after 16 h of exposure, 
(Casado et al., 1989), and by praziquantel on adult E. granulosus 
(Conder et al., 1981) . The peeling of tegument on the sucker and 
rostellum due to closantel have great physiological significance. 
It can be speculated that this drug may also have similar effect 
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on adult parasite and induce detachment, as mebendazole does in F. 
hepatica (Rahman et a2-, 1977). 
Rafoxanide causes coagulation of surface syncytium at soma 
region and thereby it may interfere contact digestion through 
membrane bound enzymes (see Pappas, 1983). It also causes denatu-
ration of the dense coat of mucopolysacharide at the soma region, 
which is protective in nature from the host secretion (Marchiondo 
and Anderson, 1983). 
In contrast to closantel and rafoxanide, no significant 
damage were observed by oxyclozanide. The deformation of the body 
and deep lesions by oxyclozanide has also been reported in G. 
explanatum (Ahmad et al., 1987). 
The halogenated phenols (nitroxynil and bithional) cause 
general shrinkage and additionally the nitroxynil induces slight 
peeling of the tegument and prevent evagination of the protoscol-
eces. Xn vivo tiral have shown that bithional did not exhibit 
significant efficacy against cyst of E. granulosus (Kammerer and 
Judge, 1976). Degree of efficacy may also depend on the presence 
of evaginated and invaginated protoscoleces, as evaginated 
protoscoleces of E. multilocularis were damaged by in. vitro 
treatemnt with praziquantel while invagianted protoscoleces and 
brood capsule remain intact (Becker et al., 1981). The reason 
for this is not known, however, it could be suggested that among 
invaginated protoscoleces, the microtriches were not exposed and 
hence do not come in direct contact with drug molecules. 
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The corboxylic ionophore monensin induce removal of 
microtriches and shrinkage to the soma region in 3 h incubation. 
In contrast to this, blebbing in scolex and soma region of 
protoscoleces have been reported after 24 h in vitro treatment of 
monensin (Rogan and Richard, 1986). Swellings of the golgi 
cisternae in various mammalian tissue and cell lines have also 
been reported after 10 min to 4 h treatment with monensin 
(Griffiths et al. , 1983; Tartakoff, 1983; Ellinger and Povelka, 
1984) . The shrinkage of the soma region may be due to osmotic and 
ionic disturbances, as this compound has been reported as a 
metabolite of Streptomyces cinnamonensis and has capacity to bind 
Na*", K"*" and protons which cause 1:1 cation exchange when inserted 
into biological membranes (Tartakoff, 1983). The sloughing of 
microtriches are quite significant. It is possible that due to 
disruption of microtriches the parasite may loose their contact 
with the host and proved to be effective against E. granulosus. 
The sulphonamide drug clorsulon was found to cause shrinkage 
and cracking like effect on the body surface. This drug is known 
to inhibit phosphoglycerate kinase and phosphogluco mutase in 
Fasciola and highly active against adult and immature flukes 
(Campbell, 1986) . At this stage it is difficult to assign any 
definite mode of action in E. granulosus , however it is expected 
that this drug induces stiffness in the body surface either by 
interfering actinomyosin complexes or induces depolarization by 
ionic loss. This certainly requires further biochemical studies 
to ascertain the exact mode of action. 
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It is evident from above discussion that different drugs 
produce varied alterations on the tegumental surface of protoscol-
eces. However, the nature and degree of damage induced by the 
drugs differ possibly because of differences in their 
biochemical mode of action. But it is emphasized that tegumental 
damage can be used as a valid parameter for interpreting the in 
vitro action of various anthelmintics. The surface disruption may 
lead to a variety of secondary metabolic and physiological effects 
in the worm. It is therefore jji vivo studies are essential to 
confirm the in vitro effects. 
XI. GLUCOSE UPTAKE AND EFFECT OF DRUGS: 
It is evident from the results that appreciable amount of 
glucose was absorbed by the protoscoleces. Previous reports on 
glucose uptake indicate that, with the exception of British horse 
and sheep strains all other strains of E. crranulosus consumed 
glucose when it is available under in vitro condition. The reason 
for such differences is attributed to the strain differences 
(McManus and Smyth, 1978; McManus, 1981), It is expected that 
niche specialization induces some changes in the microtriches or 
to the solute contact in the evaginated and invaginated protoscol-
eces. As, Richards and Rogan (1986) have suggested that the 
tegument of evaginated and invaginated protoscoleces show some 
differences. 
Kinetic studies suggest that the protoscoleces absorb 
glucose by the combination of mediated transport with the 
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involvement of diffusion component. Such uptake of glucose via a 
saturable (mediated) system and or accumulation of glucose against 
concentration differences has been demonstrated in different 
larval and adult cestodes (Pappas and Read, 1975; Barrett, 1981; 
Pappas, 1983). Further, involvement of mass flow and diffusion 
components have also been suggested for glucose transport in H. 
diminuta and T. crassiceps larvae (Pappas et al. , 1973; Mettrick 
and Podesta, 1974). 
It is evident from the shape of the curve (Fig. 27) that the 
glucose transport did not follow saturation kinetics which may be 
due to the fact that possibly the higher concentration of glucose 
(1.0 mM) was not sufficient to saturate the available transport 
sites and hence glucose is absorbed by both mediated and passive 
diffusion as also suggested by Jeffs and Arme (1986) for 06-
aminobutyric acid. Therefore, the uptake is corrected for 
diffusion components by using the linear portion of graph. This 
assumption was further confirmed by using more than 1.0 mM 
concentration of glucose and the transport of glucose was 
significantly inhibited at higher concentrations (Fig. 28), 
indicating the involvement of a carrier which is saturated at 1.0 
mM concentration of glucose. 
The values of mediated transport were calculated after 
subtracting the diffusion component from the total uptake. It may 
be possible "that the glycocalyx, microtriches and thick syncytial 
layer of tegument may be responsible for the diffusion component 
of glucose uptake. The glucose molecules can cross the tegument by 
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diffusion, which resulted into over estimation of Kt and Vmax 
values. Therefore, it is necessary that the uptake values should 
be corrected for the diffusion component and the uncorrected data 
should be considered cautiously (Barrett, 1981). 
The transport constant (Kt) for glucose was found as 0.09mM, 
which is much lower than those reported for H. diminuta. H. 
microstomes. T. crassiceps larvae and C. verticillatum (see ref.in 
Pappas and Read, 1975). The lower Kt value in protoscoleces 
indicates their greater affinity for glucose as compared to other 
cestodes. The other possible reason for this variation may be due 
to differences in the physico - chemical condition of the habitat. 
Besides this, the uptake velocity (Vmax) of glucose was 
found much higher (2.70 n moles/mg proteins/2 min) than those 
reported by Jeffs et al. (1987) and Pappas and Read (1975) . Such 
variation in the uptake velocity could be correlated with the 
metabolic differences as well as nutritional requirement of 
different cestodes. Similarly, Jeffs and Arme (1985) also 
concluded that changes in Vmax values of amino acid uptake reflect 
the changing metabolic needs in the developing cysticercoids of H. 
diminuta. 
In the present study the mode of transport is partially 
characterized and many questions remain unanswerd such as whether 
the uptake process involves energy or not ? and if it is involved 
then what would be the source of energy. It is therefore worth-
while to investigate the preferential uptake of steriospecific 
monosaccharides and their fate in the metabolism. 
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The results of the excretory products in presonrc oC q.l ii,(,'r)r--,c 
reveal that the protoscoleces produce lactate arifl pyruvate. 
Quantitatively the lactate production is greater than pyruvate.. 
Previous studies on the metabolism of different strains also 
confirmed the present findings. McManus (1981) studied thn 
metabolic end products of 5 different strains isolated frora 
different hosts and observed lactate, acetate and succinate as 
their major end products. In another study McManus and Smyth 
(197 8) found that the protoscoleces excrete more lactate tb_an 
pyruvate in addition to other fatty acids and alchohols. It has 
also been reported that lactate production increases in presence 
of glucos(i by helminths (Korting and Barrett, 1977; Ovington and 
Bryant, 1981; Lioyd and Barrett, 1983). It is therefore suggested 
that complete endogenous breakdowns of lactate into pyruvate does 
not occur in the protoscoleces and the surplus amount is excreted. 
The production of higher amount of lactntr^ nlr.o r. u < i ci f"^  r.!". r. 
the rapid utilization of glucose for energy production, as 
lactate h>is been shown as a major end product of carbohydrate 
catabolism (Barrett, 1981). In S. mansoni most of the energy 
derived from the anaerobic fermentation of carbohydrate into 
lactate (Katz and Pellegrino, 1974). Powell and his co-workers 
measured 1:he rate of conversion of labelled glucose by Brugia 
pahangi and Dipetalonema viteae using high resolution nuclear 
magnetic resonance (NMR) analysis and reported tl)at tliose worms 
absorb glucose rapidly and produce lactate as major end produci: 
(Powell and Watt, 1985; Powell et ai., 1986). 
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The level of pyruvate, excreted by the larvae was very low 
as compared to lactate excretion which may be due to its 
conversion into lactate, acetate and other volatile fatty acids 
(Barrett, 1981). 
Parasitic helminths have a high glycolytic capacity and 
phosphoenolpyruvate serves as a branch point. One branch leads via 
pyruvate kinase to pyruvate and then to lactate, acetate or 
ethanol.The other branch is via phosphoenolpyruvate carboxykinase 
to oxaloacetate, leading to the production of malate, succinate, 
propionate and other volatile fatty acids. Therefore, it is 
assumed that the increased level of lactic than pyruvic acid may 
represent an overflow from one pathway to another. Further, the 
excretory products may either be degraded or reutilized by the 
worms during incubation or under certain suboptimal condition the 
leakage has also been suggested (Von Brand, 1979) . 
The effect of different drugs have also been analyzed on the 
glucose uptake by protoscoleces. The benzimidazole compounds 
significantly inhibits glucose uptake which is in agreement with 
the previous reports on other helminths (Van Den Bossche, and De 
Nollin, 1973; Van Den Bossche, 1972, 1976; Rahman and Bryant, 
1977; Ahmad and Nizami, 1987). The inhibition may be due to damage 
of absorptive surfaces of the worms as mebendazole has been shown 
to interfere with the absortive surface of the helminths parasite 
(Borger and De Nollin, 1975; Borger et aj,. , 1975; Verheyen et 
al. , 1976, 1978; Atkinson et aJL. , 1980). Benzimidazole compounds 
are known to bind with tubulin and prevent microtubule formation 
in helminths. Although, the effect of drugs on enzyme systems 
were not investigated in the present study but it is expected 
that the inhibition of glucose uptake may also be due to 
inhibition of various enzymes which are associated with the 
absorptive functions (Ahmad and Nizami, 1987). Inhibition of 
carbohydrate absorption in helminths inhabiting low oxygen tension 
is usually disasterous since, they depend entirely on carbohydrate 
catabolism for their energy supply (Saz, 1970). 
The uptake of glucose was also significantly inhibited by 
the bithional and clorsulon whereas, nitroxynil has stimulatory 
effect. No earlier report is available on the effect of these 
drugs on glucose uptake. However, nitroxynil and bithional have 
been reported as uncoupler of oxidative phosphorylation and 
therefore interfere with energy metabolism (Corbett and Goose, 
1971; Hamajima, 1973). The possible reason for the inhibition of 
glucose due to bithional and clorsulon may be due to the 
interference or binding with glucose carrier. The stimulatory 
effect of nitroxynil may be due to its topographical damage 
leading to simple diffusion. Moreover, irreversible paralysis has 
been reported in liver fluke (Beretta and Cocatelli, 1968). 
It is evident from the above discussion that some of the 
drugs induce differential effect on glucose uptake. It is 
difficult to assign any definite reason, however it is possible 
that inhibition in glucose uptake may be a consequence of 
tegumental damage. Therefore, detailed studies are required to 
ascertain the exact mode of action of these compounds, both under 
in vivo and in vitro conditions. 
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APPENDIX I 
Questionaire for The Hydatid Disease. 
1. Name of the district and state you belong, what is your 
religion ? 
2. Number of your family member ? 
3. What is your/your husband/your parent's job ? 
4. Do you have any dog ? If yes how many ? 
5. Do you allow dogs in or around your house ? 
6. Do you give foods to any dog ? 
7. Do you think that street dogs here or elsewhere are : 
(a) Useful (b) The source of disease (c) Dangerous 
8. Do you think some or all dogs should be destroyed ? 
9. Have you or anyone in your family ever experienced hydatid 
disease ? If so what was the out come ? 
10. Do you know what is hydatid disease and how it is transmitted ? 
If yes describe briefly ? 
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()ctol)cr 19S6. Hydatid cysts from each infected animal were separately examined 
and a record made of their number, size and shape. The cysts were then opened 
and examined for protoscoleces. If present, i.e. the cysts was fertile, the viability of 
the larvae was checked microscopically. Non-fertile cysts were either classified a.s 
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RKsui;rs 
Buff aloes 
A total of 565 (36-37i)) ol 1556 buffaloes examined were found to liarbour 
hytlalit! cysts. I'he location aiul c^)iKliiiou ol (he 21/1 eysis lecoveied are ]iresenlctl 
in Table I I . .Si-xieen pulmonary antl 31 hepatic cysts contained daughter cysts and all 
but sixteen lung and liver cysts were unikicular in sliape; the exceptions were 
lol)uiated. 
The frequency distribution of the cysls was over-dispersed (Fig. 2) with only 23 
(4%) animals out of all infectckl animals harbouring 27% (577 cysls) of all cysts 
seen. 
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The I'criilily anil viahiliiy of the cysts ditl not tlecrease with increasing cyst 
numhcr (Fig. 2) and no ticnsity ilcpcndenl elTects could be demonstrated. Cyst 
Icrlility increased with cysi size (l^g. 3), the majority of small cysts (<4-0 cm) being 
cilticr sterile or calcifietl. 
Sheep, ^(xils. i>ii;s hinl aiincis 
Six {>•>'•/..) ol \m sheep, 211 (1 •')'/„) of 12I)H goats, five (O-'rX,) of 5'>') pigs uiul 
two ol three camels had hydatid cysts. The location and comlition of ihc cysts seen 
are piesenled in Table 11. 
DI.SCUSSION 
liydalidosis is very ci)mmon in buffaloes around Aligarh. it is less common in 
the other dotnesiic livestock except perhaps the camel which are rarely 
slaughtered, and since there are few camels in the district, this may not be very 
significant. The high prevalence rales in buffalo can be partly explained by the 
older average ages at which these animals are usually slaughtered. Prevalence rates 
have been shown to dramatically increase with age in buffaloes (LSI-AM, 1982) which 
no doubt indicates a greater period of exposure lo an Ecliinucocciis infested 
environment. In Aligarh. buffaloes are slaughtered between 12 and 16 years of age, 
which IS after their useful life-span. 
The parasite in all the hosts, particularly the buffalo was over-dispersed with a 
few animals harbouring most of the cysts. Over-dispersion of hytlatidosis has been 
demonstrateti in cattle, sheeji and goats from Kenya (MACriii-ikSON, 19K5) where it 
was suggested that the condition was tlue lo Ihe spatial aggregation of Echinococciis 
eggs, the iiifectiviiy of such eggs and differences in the stisceplibility of tiie various 
hosts lo infection. The eiiidemiological significance of over-dispersion in hydiitidosis, 
wheie larv.al iimlliplicalioii occurs, is difficult lo |ieiceive, but il can give rise In 
inculences ol clinical liydalidosis, particularly in the longer-lived intennetliatc 
hosts. Two fatal cases of hydatiilosis in buffaloes tlue to massive hydatid infeclion.s 
m the lungs have been deseribetl (MANDAI., 1977). 
No deiisity-depeiulenl constraints coulil be tiemonslralcil in the buffalo; heavy 
cysi burdens in animals were found lo be just as fertile as single cyst cases. Density-
dependent cyst mortality has been shown to operate in cattle {MA(:I'III-;K.S()N, I9K5; 
(ii-M.Miii. (•/ ///., IVX^j.bul llie reasons for this aie unknown. 
•'•1 M. IKSIlAOUI.l.All <•/(//. 
'I'he fcrlilily of hiilliilo cysis incrciscd (h;im;iiic;illv wiih iiicioiisiiig cvst size. 
Although the laie ol cysi growih and onset pioilnciiun ol biooti capsules tiiul 
proiDsciilcccs is not consislcnl, it appears that ilie parasite louml in the hullalo is 
well adapted Id a loii): dived iiileniiediale I ins I, I l\'daliil eysls iii Ne\\' /.ealaiul sheep 
increase in leililiiy with the a);e ol die host aiul ii lias been caleulaied tlial ^N"A, i){ 
shee]) cysts in tluil country would he lertile if the animals \^eie allowed lo live I'l^ r up 
lo 17 years ((ii;MMi;M. (<; I.AWSON. IV.S^), 
'I'he ferlilily of sheep, [;oal ami jiiji cysIs in ihis sludy was s'erv Imv. wliicli w;is 
also found in iH)rihern India by VAKMA (197K) but which is at variance with inosl of 
the other reported cases from India. Similarly the buffalo cysts in this study had a 
low fertility rate whereas buffalo cysts have been recorded to have fertilities of up 
to 9()7o (GiLi. & RAO, 1967). Despite the low ferlilily, the high numbers that are 
slaughtered, the conditions at the local abattoir aiul the poor condition of cysts 
from other hosts suggest that the buffalo is currently the main maintenance host of 
the parasite in this area of India. All other hosts probably [)lay a minor role either 
because they are infrequently slaughtered (camels)' or they arc not good 
intermediate hosts (sheeji. goats, pigs) ft)r the parasite. 
Although most livestock slaughter in India is carried oui in Municipal abattoirs, 
the prevailing conditions are not conducive to disease control. For example, in the 
Aligarh buffalo abaiioir, up lo 50 dogs can be seen during slaughler lo be 
wandering amongsi the carcasses feeding on sciaps and visceia Ihiowii to iJiciii. 
Lungs are invariably thrown to the dogs as ihey arc lu.. eaten by people. I lowever, 
the liver is consiilered a,delicacy aiut even hydatid inlcsicil livers are taken lo the 
butchers shojis where the inlecled porlion may be cm away ami l'ci\ to dogs which 
are always presenl. Dogs also scavenge from carcasses on roadsitles. 
In contrast lo the buffalo abattoir, dogs were rarely observetl at the sheep ;md 
goat abattoir, and security at the pig abattoir, where animals were slaughtered 
indoors, meant that dogs were not allowed access to infected offal during slaughter. 
During the present survey, one dog which was known to scavenge from the 
buffalo abattoir was autopsied and found to harbour a patent E. granulosus 
infection. Since the dogs around this abattoir have daily access lo infected offal, it 
would be surjirising if the infection rate was not extremely high. As far ascpuld be 
ascertained only one abattoir worker had luul hydatid disease and a low incidcnct 
of the disease has been recorded in the people of Aligarh (Irshadullah c( (il., in 
preparation). The reasons for this are unknown but may be cultural or religious. 
Muslims consider ihe dog as an unclean anim;il anti have lillle contact with it. 
WAOU-: and \VA(;I.I-: (19f).l) considered ihal ihe majority of human infections in 
India are contracted through handling Infected vcgelabics or drinking contaminated 
water rather than through close i]ian:dog conlaci. 
Although iuhinorncfiis maierial ol buffalo oiigin has not been clearly 
identified (Ciii.i. & RAO, 1967), llie parasile has similar //; iv/w re(|iiiremenls lo ihal 
of human maierial (MACriiiiKSON it SMYIII, I9,S.S) ami further studies are rei|iiired 
to examine its potential infectivity to man. 
The economic loss due to hydatidosis in animals is mainly due to condemnation 
of carcasses and organs, and also reduced produciiviiy. In the presenl siiitly, il was 
po.ssiblc lo calculate that Ihe potential economic lo.ss due lo condeninalion of 
buffalo livers alone would come to approximately Rupees l.'^ l 400 per annum, 
which is a significant amount for one small town abattoir where the incidence of the 
disease is not as high as in other areas of Ihe country. The tlisease therefore 
warrants some degree o'f control and this could be enforced by restricting ihe access 
of dogs to abaltoirs, by improving meal ins[)eclion and constructing condemnation 
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I'iicililies ;iiul hv ilccrcasine llic \n\\ic stray duu pdinilation. In Alii;arli, there ;\ro 
iiKiii.' iliaii -1(1 siicci iliius |)LT s(|iiaic km, innsi ol WIIKII aic sirays ami could ho 
ilcsliovcil. ,Sin.-li a pn)_maniiiic woiikl also he of hcnelil in conlrolling rabies, 
aiiolhcr iniporlani don liansiniHed zoonosis in India. 
ACKNoss i.i:i)(;r.Mi;N:.s 
IIK- I'lidpcriiiMHi 111 llii- iihiiiioir workers in IIK- (.(lilci-iidii of m:iU'ii:il is much apprcciulci l . C N L M ' s trip 
lo liuliii v\,is Mippoilcil In' I he l inl ish ( dunci l :iiul I he liulian I Jniveisilv ("ii;iiils Commission whom wc 
ih.ink, 
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Prevalence of Human Hydalidosis in Uttar Pradesh 
M. IRSHADULLAH*, W, A. NIZAMI* AND C. N . L. MACPIIERSON** 
(Received for pitbUcation : 31 August, 1988) 
ABSTRACT 
The prevalence of human liydatidosis in eastern U. P. is higher 
fhan western U. P. Maximum infection was noticed in liver followed by 
lungs. The prevalence rate shows considerable variation with respect to sex 
and a<^ e of the patients. Comparison of the present data with previous 
reports suggests an increasing trend in ttie prevalence of this disease. Various 
epidemiological factors responsible for this disease have also been discussed. 
INTRODUCTION 
Hydatidosis is a cyclozoonolic disease of global public health and veterinary 
importance, caused by the larval cestode of Ecliinococcus spp. Unusual adap-
tability of this parasite in different animals and human beings has made possible 
the wide geographical distribution of this disease. In India no systematic work has 
been done so far, only case reports arc available''", and on the basis of these 
reports, the prevalence of this disease has been reviewed by some workers'"'". 
Not much information is available on the mode of transmission of this 
disease from animals to man, factors inlluencing the natural history of this disease, 
role of human activity and the role of environmental factors in the prevalence of 
this disease in Indian perspective. Recently various aspects of this disease from 
different regions of the world have been leviewed by many workers'^ 
In the present communication an attempt has been made to examine the 
prevalence of this disease in U.P. and to bring together the scattered data on 
human hydatidosis in order to assess the significance of this disease in India with 
particular reference to Uttar Pradesh. 
DATA CoLi.ticnoN 
Data on the incidence of human hydalidosis were collected from the surgical 
records of the medical colleges of Aiigarh, Kanpur, Lucknow and Gorakhpur. The 
proportion of hydatid patients was noted. Details of their sex, age, and location of 
•Department of Zoology, Aiigarh Muslim University, Aiigarh, 202 OOZ-India 
•'African Medical and Research Foundation, P. O. Box 30125, Nairobi, Kenya 
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the cysts were taken from the case sheets. Unfortunately the patient's occupation 
and type of the cyst were not mentioned in the record. 
The data of the present study are compared with the previous reports in 
order to assess the present trend of the prevalence of this disease. 
RESULTS 
Analysis of the data reveals that the prevalence of human hydatidosis ranges 
from 7.3 to 10.5 cases per year per 10,000 surgery patients in the regions under 
study (Table 1). 
Table 1—Number of hospitalized cases and the operation rate due to hydatid disease in various 
medical colleges 
Medical 
colleges 
Aligarh 
Kanpur 
Lucknow 
Gorakhpur 
Table 2 - Per 
Organs 
Liver 
Lungs 
Liver + lungs 
Spleen 
Thyroid 
Brain 
Pancreas 
Eye 
Left parietal region 
Gall bladder 
Unknown 
Year 
1972-82 
1970-83 
1977-85 
1975-83 
cent distribui 
Total No. of 
patients 
operated due 
to all causes 
17,802 
30,590 
61,557 
13,310 
tion of hydatid cysts in 
No. 
No. of opera-
tions due to 
hydatid 
disease 
13 
26 
67 
14 
Rate of hydatid 
disease per 
10,000 per 
year surgery 
patients 
7.30 
8.50 
10.88 
10.52 
various human organs' 
of infected individuals 
65 
23 
8 
2 
2 
1 
J 
I 
1 
1 
15 
% infectionsf 
61.90 
21.90 
7.62 
1.90 
1.90 
0.95 
0.95 
0.95 
0.95 
0.95 
— 
•Data are based on the records of medical colleges. 
fPer cent infection is calculated on the basis of total no. of patients infected. 
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Tali lc 3 l lu inan hydatid infcclion in n l a l i on to a^c and sex* 
Age of patients 
(years) 
0—10 
1 1 - 2 0 
2 1 - 3 0 
31—40 
41—50 
5 1 - 6 0 
6 1 - 7 0 
7 1 - 8 0 
Total 
Total No. of infected 
persons 
9 
21 
31 
24 
21 
9 
4 
1 
120 
Males 
7 
8 
19 
18 
10 
4 
2 
68 
Females 
2 
13 
12 
6 
11 
5 
2 
1 
52 
*Data are based on the records of medical colleges. 
Table 4—Review of various available epidemiolot;ical data and comparison with the present 
study of Iniinaii hydatidosis in dilTerenl states 
State 
Andhra 
Pradesh 
-do-
Jammu and 
Kashmir 
-do-
Madras 
-do-
Maharashtra 
-do-
Ultar 
Pradesh 
-do-
Dclhi 
-do-
Period of 
survey 
1955—56 
(2 years) 
1957-58 
1962 
(1 year) 
1962-63 
(2 years) 
1951—55 
(5 years) 
1959-63 
(5 years; 
1942-45 
(4 years) 
1956-61 
(6 years) 
1962-^64 
(3 years) 
1970—85 
(16 years) 
1948—55 
(8 years) 
1962-65 
(4 years) 
Total 
cases 
Cases per 
year 
2.5 
Reference 
number 
37 
19 
2 
8 
39 
106 
10 
17 
4 
120 
21 
96 
9.5 
2 
4 
7.8 
21.2 
2.5 
2.8 
1.33 
7.5 
2.6 
24.0 
38 
39 
40 
4J 
42 
43 
15 
44 
Present study 
45 
9 
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Location of the cysts also varies and maximum infection was found in 
liver followed by lungs. However the occurrence of the cysts in other organs 
have also been noticed but the prevalence is not high as in the liver and lungs 
(Table 2). 
The prevalence data reveal thai sex and age play a vital role. Males were 
found more infected than females (Table 3). Total 68 and 52 males and females 
were found infected respectively. In addition to this the maximum infection was 
noticed in the middle age group (Table 3). 
The prevalence data of the present survey are compared with the previous 
studies carried out in different regions of the country (Table 4), and it is evident 
that this disease has an iricreasing trend in the prevalence. 
DISCUSSION 
It is evident from the present data that in eastern U. P. (Lucknow, Gorakh-
pur) the prevalence rate is liigher than Western U. P. (Aligarh, Kanpur). The 
dilTerences could be correlated to the various facioi's like human population den-
sity, socio-economic conditions, animal farming, slaughter house management, 
street dog population and prevailing unhygienic conditions in these regions. Since 
many workers explained the high prevalence rate from various regions of the 
world due to such factors. For example in Turkana district in North-Western 
Kenya, the social contact with the dogs and ignorance mainly contribute in the 
highest prevalence rate in the world'^'"''. While it has been suggested from India 
that the majority of human infections are through drinking contaminated water 
or handling infected vegetables and cutting grass for fodder rather than clcse man: 
dog contact'^ 
Analysis of the data also shows that the liver infection is more common 
followed by the lung infection. Similarly high degree of liver infection has also 
been reported from Alaska region of North America'*. This is probably because 
the liver and lungs act as a first and second filter organs respectively for this 
parasite'^ and therefore these organs are primarily exposed to the infection. A 
similar hypothesis has also been proposed and extensively reviewed by Schwabe'". 
The reasons for the site preference in the intermediate host for the final establish-
ment of infection are poorly understood. The preference to a particular site may 
either be due to anatomical or physiological characteristics of the host, or it may 
be due to different strains of laeniid may prefer to infect different sites^"'''. Infec-
tion in the lungs may also be due to inhalation of eggs"". It was also reported that 
dried eggs become electrically charged and stuck to the surface with which they 
come in contact^'. However it was suggested that the adhesive qualities of the eggs 
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made it unlikely that they could become aiiborii, and e\en if they did they were 
likely to be non-infective--. Therefore, i( is possible that transportation and filtra-
tion of eggs and the strain of the parasite deiermincs the site of infection. 
The relative frequency of specific predilection site and prevalence rate of 
hx'datid cysts vary from country lo country, largely because of the differences in 
the availability and use of diagnostic tool. In India Casoni's test is generally used 
for diagnosis, which docs not gi\c positive response in all the cases.'" Further it 
was also reported that positive serological results were not always confirmed by 
operation.^' The symptomatic cases examined in the hospital may therefore repre-
sent only a very small proportion of the total existing infections. The use of mass 
miniature radiography and serological screening tests to detect asymptomatic 
hydatid cases has shown that the prevalence rate is much higher than the corres-
ponding surgical incidence-^--'. 
In view of the limitations of a reliable diagnostic tool, it is difficult to draw 
any exact conclusion on the prevalence rate. Therefore it has been suggested that 
a comprehensive survey should be undertaken by using more reliable diagnostic 
tool for epidemiological surveiiance. Recent studies have revealed that ultrasono-
graphy is useful in comparison to serological techniques for diagnosis^^ monitor-
ing the response for treatment-", rate of cyst growth'** and for epidemiological 
studies''. This technique has inexpensive running cost, excellent for field studies, 
quick for detection and location of the site of the cyst and more acceptable to the 
population. 
In the prevalence of any disease other imporiant fictor is the age and sex. 
Males were found more infected than females and particularly the infection is 
more common in the middle age group population. Similar results have also been 
reported from Masailand^" in north-east Kenya. It has been suggested that both 
the sexes are equally exposed to infective environment and infectivity is generally 
determined by the local customs involving the housing and handling of dogs^^ In 
the present study such age and sex differences can also be related to the social life, 
human activity, and degree of man: dog contact in a particular community. For 
example females were mostly involved in domestic affairs and may harbour infec-
tion during grass cutting svhere they came in contact with the infective stage 
present in the faecal matter of canines. However, it is difficult to assign any definite 
reason for such differences in the infection rate in males and females, it may be due 
to hormonal or playing habits during childhood. 
The age relationship with the incidence may also be due to the fact that the 
average age over which most people present for sutgery is 20-50 years. This is 
probably a reflection of the growth rate of the cyst. It was reported that cysts of 
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E. granulosus increase in diameter between 1 and 5 cm per year'^ The life-span of 
hydatid cyst of £. granulosus can be as long as 53 years in man'^ Therefore, any 
early discomfort by the cysts is probably treated by quack practitioners rather than 
a qualified physician. Due to non-availability of a reliable diagnostic tool, the 
cyst could not be detected in early stage. Sometimes due to asymptomatic condi-
tion the disease could not be diagnosed'". 
Recent studies on hydatidosis have revealed that the strain development in 
this parasite make the problem more complicated and a number of different 
strains have been reported from various regions of the world showing variation in 
infectivity to man". Since man is the accidental host in the life cycle of this 
parasite, therefore, it is difficult to suggest the specific strain which is infective ta 
man in this part of the country. 
From the epidemiological studies it is revealed that in this region the 
buffalo: dog cycle is predominant as compared to the goat: dog cycle'^. It ij 
possible that man accidently harbours the infection from goat: dog cycle rather 
than buffalo: dog cycle because if buffalo: dog strain is infective to man then the 
infection rate would be much higher than the observed incidence. From Delhi it 
has also been suggested that man gets infection from sheep/dog cyclers. In order 
to ascertain above hypothesis, further studies are required on cross infectivity, as 
well as the possibility of strain development in this parasite. The possible reason 
for high incidence in man may also be attributed to the per cent dog infection and 
the degree of fertility of the cyst in ruminents. As it has been reported from South 
India that hurnan incidence is comparatively higher than northern India where one-
third street dog population was found infected and a higher degree of fertility 
rate of the cysts in ruminants were also noticed^". A similar situation has 
also been noticed, in one local survey at Aligarh^\ in which high street dog 
population, congregation of street dogs at slaughter houses, mismanagement of 
slaughter houses, unrestricted movements of dogs and prevalence of the disease in 
slaughtered animals are important observed factors in the transmission of the 
disease to human beings. 
The previous reports of human hydatidosis and their comparison with the 
present study show some interesting features. The available data show that the 
prevalence rate of this disease is gradually increasing with time (Table 4). It is 
evident that the disease has an alarming situation in Uttar Pradesh and Delhi 
region. The increasing trend of infection is obviously due to close man: dog 
contact. Thus keeping in mind this increasing trend, an immediate attention of 
biomedical scientist is required and a pilot control programme should be introduced. 
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The high infectivity rate among the domestic animals present a serious risk 
of infection to the city dogs, becaitse of improper disposal of offal in slaughter-
houses. This in turn constitutes a potential hazard of infection to man. If the 
number of stray dogs could be reduced and condemnation pits provided and used, 
the disease prevalence could be reduced in many parts of India, saving much 
human suffering and economic loss. 
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ABSTRACT 
Analysis of the major biochemical components of Tiwiua hydatigena cysticerci collected from goats and 
pigs showed marked differences, particularly in glycogen, protein, lipid and DNA levels. Differences 
were also delected in the levels of cholesterol, triglycerides, free fatty acids and phospholipids. 
Furthermore, the profile of phospholipid fractions revealed quantitative differences between the two 
species. It is concluded ihat the cysticerci of goal and pig origin probably represent two different strains 
and possibly follow the same pallern of specialion as reported in the related taeniid, Echinococcus 
granulosus. 
KEY WORDS: Taenia hydatigena, cysticerci, goat, pig, biochemistry, lipids, glycogen, proteins, nucleic 
acids. 
INTRODUCTION 
The cysticerci of Taenia hydatigena are responsible for high degree of morbidity 
and mortality in livestock. A number of reports on the epidemiological, 
immunodiagnostic and clinical aspects of cysticercosis have been comprehensively 
reviewed by many workers (see FLISSER et ai, 1982; COHEN & WARREN, 1982; 
ARME & PAPPAS. 1983). From India, VARMA & RAO (1973) and VARMA & 
AHLUWALIA (1986, 1987) reported cysticercosis from a number of domestic 
ruminants and the comparative study of cysticerci of different host origin exhibit 
variations in the morphometry of rostcllar hooks, developmental pattern in 
experimental puppies and cross-infectiviiy, j-lowcver, very little information is 
available on the basic biochemical composition of the cysticerci infecting different 
hosts. 
In the present communication a comparative study of the biochemical profile of 
the T. hydatigena cysticerci collected from goats and pigs has been carried out. 
MATERIALS AND METHODS 
Cysticerci attached to the omentum or mesenteries were collected separately 
from freshly slaughtered goats and pigs at the Central Dairy Farm, Aligarh, and 
brought to the laboratory. Immediately they were rinsed in Hank's medium at 
3 7 ± r C , damp dried and the host capsules were carefully incised to obtain intact 
bladder worms. The cyst tluid, cyst wall and invaginated scolex, along with neck 
proglottids, were collected separately for extraction and estimation of various 
biochemical components. 
Glycogen was detennined by the anthrone method (ROE & DAILEY, 1966), 
total protein (LOWRY et id., 1951), and RNA and DNA were estimated by the 
orcinol method (DISCHE, 1935) and Burton's diphenylamine method (GILES & 
MYERS, 1965) respectively. Lipids were extracted by the method of FoLCH et al. 
"Til whom all correspondence siioukl be addresseil. 
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(1957) as moclificti by MISKA (1968) and were estimated according to ZOLLNEK & 
KKISCH (1962). The major lipid fractions, ciioiestcroi, triglycerides and free fatty 
acids were determined by tiie methods of S/XCKin-r (1925), VAN HANDEL & 
ZiLVERSMiT (1957) and LOWKY & TINSI.I:V (1976) respectively. Total phospholipids 
were determineti by estimating the phosiihorus according to ROUSER et al. (1970). 
Phosphohpids were further fractionated by thin layer chromatography (SKIPSKI el 
al. 1964) using chloroform:melhanol;waler (65;25;4, v/v) as the solvent system. 
The phospholipid fractions were itlentified after comparing their Rf values with 
standard phospholipids (V.i'. Chest Institute, New Delhi), applied on the same 
plate and the phosphorus was analysed as described above. 
The data obtained for each biochemical component were finally subjected 
to statistical analysis using t-test (SOKAL & ROHLF, 1981) and the significance of 
the results was determined. 
RESULTS 
The cysticerci collected from the same habitat of goats and pigs showed 
statistically significant (p<0-01) quantitative differences in glycogen, protein, hpid 
and DNA fractions except RNA (p>0-05) (Table I). The maximum concentration 
of these biochemical components were recorded in the scolex/neck followed by cyst 
wall and cyst fluid of the two cysticerci (Table II). An exception was the higher 
glycogen level in the cyst wall of pig cysts. However, on comparison, all the 
fractions except RNA in the scolcx/ncck region of the goat cysts were significantly 
TABLE I. A comparison of the biochemical composition of T. Iiydaiigcna cysticerci isolated from goats 
and pigs 
Biochemical 
componenls 
Glycogen 
Protein 
Lipid 
RNA* 
DNA 
Goat cysts 
l22-2()±()-9l 
16,V92±l-34 
2()-9() + 0-64 
9-84+0-85 
4-73±0-36 
Pig cysts 
7H-73±0-09 
187-20±0-41 
140±0-38 
10-9910-86 
5-65+0-22 
All the values are expressed as mg/g wet wcightlSEM of 
three replicates in each. 
'Statistically insignificant (pXI'O.S). 
TABLE IL The biochemical composition of different compartments of T. hydaligena cysticerci isolated 
from goals and pigs 
Biochemical 
components 
Glycogen 
Protein 
Lipid 
R N A ' 
D N A 
Scolex/ 
neck 
72'63±l)-.S7 
96-K()±()>64 
17'78 + U SI 
61)2±()-44 
4-25±0-23 
Goat origin 
Cvst 
wall 
49'62±0-()32 
66-61 ±()-42 
3'13±0-()4 
3-82±0-(l7 
0-48+0-02 
Cyst 
flmd 
(.)-049±0-()l 
2'.v4±0-()3 
0-85±0- l l 
0-29±0-()2 
Scolex/ 
neck 
29-91 ±0-03 
109-50 + 0-61 
9-4K±0-38 
6-39±0-4l 
3-75±()-30 
Pig origin 
Cyst 
wall 
48-82±0-06 
77-66 + 0-78 
4-.')2±0'26 
4-6110-18 
1-91 ±0-00 
Cyst 
fluid 
0-067±0-01 
3-56±0-13 
0-46±0- l l 
0-I5±0-03 
AFvalues are expressed as nig/g wet weight of tissue, and mg/ml of fluid + SEM of three replicates in 
each. 
'Statistically insignificant (pXI-O.S). 
—Not detected. 
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TABLE III. The lipid Iractions oi '/'. hy(liiiii;cna cyslicerci isolated from goals and pigs 
Lipid liaclioii 
Cholcslerol 
Trijilyccride 
Phospholipid 
hree lall\' acid 
Uriidcnlificd lipids 
11 
Cioal 
2 M S ± 0 - 2 2 
30.S()±0-?0 
3fv46±l)-.16 
S'SI i n - l 1 
)St or gin 
Pig 
24-()7±()-41 
29-18 + 0-28 
32-52±0-36 
7-261()-28 
/ r97±() '19 
Values are expressed as percciil (W/\V) of loial lipid/i; wcl \veii;lil ol lissuc, ±SEM of Ihree replicates 
in each. 
(p<0-05) higher than the pig cysts, and DNA was not detectable in the fluid of 
cysticerci of both the hosts. 
The lipid fractions, phospholipids, triglycerides, and free fatty acids were higher 
in the goat cysticerci where;is cholesicro) was higher in the pig cysticerci (Table III). 
The phospholipid constituted about .'i9-977o and 53-74% of the total lipid fractions 
of the cysticerci from goats and pigs respectively. The level of these fractions were 
in the following order; phospholipid>iriglyceridc>cholesterol>free fatty acid. 
Further analysis of phospholipid fractions (Fig. 1) revealed that lysophosphatidyi-
choline, phosphatidylchohnc ;uid lysophosiihatidylcthanolaminc were predominant 
in goat cysticerci whereas sphingomyelin and phosphatidylethanolamine were 
significantly (p<0-01) higher in pig cysts. However, the unknown phospholipid 
fractions constituted 11 -'JS'X, ;ind 4()-777o of the total phospholipids in the cysticerci 
from gotits ;md pigs respectively. 
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DISCUSSION 
The morphdlogically tlistinct 7'. hyddiii^ciui cysticerci obtained from the same 
habitat of two thllcrciil hosts, naniclv goals and pigs, showed variations in their 
biochemical components. 
The higher glycogen level in the scolcx/neck region of goat cysticerci may 
indicate a substantial energy retiuirement lor later somatic differentiation as 
BoLLA & RoHHKis (1971) also reported a higher carbohydrate concentration in the 
proliferating region of Hyincnolepis diininuta, and glycogen is the predominantly 
stored polysaccharide in cestodes (VON BRAND, 1973). 
The differences in the protein and nucleic acid levels also suggest the variations 
in the nature of the cysticerci isolated from goats and pigs. The variation in the 
metabolic state of the cysticerci may also influence biochemical composition of 
different compartments of cysticerci as also reported earlier by REID (1942). 
The higher lipid level in the cysticerci from goats may be a biochemical adaption 
to conserve energy for emergency requirements, whereas the enormous omental fat 
in pigs may provide necessary lipids to the attached cysticerci. However, the level 
of cholesterol, triglycerides and free fatty acids follow a similar pattern to that 
found in the cysticerci of T. Iiythi/ige/ia by KASSIS & FRAYHA (1973). The 
phospholipids of host origin in Hyincnolepis diininuta (GINGER & FAIRBAIRN, 
1966) and the lack of de novo synthesis of cholesterol in larval cestodes (FRAYHA, 
1968, 1971), suggest that these fractions in the cysticerci under study may also be of 
host origin. The differential distribution of the phospholipid fractions, phospha-
tidylcholine, lysophosphatidylethanolamine in the goat cysts, as in the present 
study, have also been recorded in higher concentrations in other helminths 
(BARREIT 1981), whereas sphingomyelin, phosphatidylcholine and phosphatidyl-
ethanolaminc made up the major components of phospholipid in the pig cysts. The 
pronounced variation in the unknown phospholipid fractions also suggests that the 
nature of phospholipids in the two metacestodes varies considerably. 
The low concentration of biochemical contents in the cyst fluid may be due to 
the fact that it consists of metabolic products which are diluted in a transudate of 
the host body fluids (FRAYHA, 1971). 
The differences in the biochemical composition of the two cysticerci may be due 
to the influence of the host physiology or the other possible reason could be the 
existence of strain differences in T. hydaligcna cysticerci. The results of the present 
study are similar to the situation found in Echinococcus granulosus, where different 
strains isolated from a variety of hosts reflect variations in the level of their 
biochemical composition (MCMANUS & SMYIH, 1978, MCMANUS, 1981). VARMA & 
AHLUWAIJA (1986, 1987) also recorded marked differences in the development and 
growth pattern ol cysticerci of different host origin. Therefore, in the light of these 
studies, the 7'. Iiydiitigena cysticerci isolated from goats and pigs possibly represent 
two different strains and it is speculated that in cysticerci, the problem of speciation 
is similar to that occurring in E. granulosus. Further studies on isoenzyme 
characterization and using DNA probes {Y.w cial. 1987; RisHl & MCMANUS, 1988) 
are now recjuircd in order to ascertain the straiti varitition in cysticerci. 
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A b s t r a c t 
1"]ie topographical slnictiices of the legiiiiienl of iiiaiiirc K<:hinocomi.s gianulo,iu^ yi'ero siutlicd 
1)V scanning electron jni''r(isciii)y. It was observed that the entire liody surface of tlie worm is covered 
)>v morphologieally different types of niicrotrielies. e.g. long-fihuneiitons and blade-like varieties. 
Tlie long-filamentous tyjies of microtriehes ai'c confined to scokw and sucker regions, whereas thin 
blade-like structures nere observed on the neck, iiiiinatnic and interpioglottidal region and tliick 
blade-like were noticed on mature and gravid segments. 'J'his differential distribution of the 
nucrotriches reveals that jxissibly they are inv(jlved in dilferent ])hysiologieal functions, which has 
been discussed. 
i ri t i n d 11 et i on 
Tlie jiiici-otiiehcH .arc tcgniiiiciit;il j irdjcctioiis repor tcd from all ees todes s tud i ed .so 
far. (.'estode t e g u m e n t is know ii to p lay an i m p o i t a n t role in t h e u p t a k e of m i c r o m o l e -
ciile.s from tlw liabitafc a n d to lie i m o l c e d in iiii/iiiino[)rotectJoii, thu.s f o rming a n i m p o r -
t a n t in te r face for mainta in ing; ho.st-parasi te re l i i t ionship. d i f f e r e n t func t iona l a s p e c t s 
of ti le co.stode tegniment liavc heeii reviewed Iiy \ViLU.\MS (1979), LuMSDKN ( 1 9 7 o a 
a,nd b), I'Ai'j'As (lliHO), Li .MSIIKN and .MLKIMIV ( 1 9 S ( ) ) , 1'(M)K,STA (1980) a n d H o r K i K S 
(1980). .More t h a n one t y p o of mic ro t i i ches ;ind the i r differential d i s t r i b u t i o n h a v e 
been re]X)rted in E. f/ranulosus f iom different geograi) lucal regions b y us ing t r a n s m i s s i o n 
e lec t ron microscopy (JiLV and S J I Y T I I , 19iJ9, J 9 7 I , 'riio:MrsoN e t al . 1979). S u c h po ly -
nior])hism has also been re])orted from o the r species of ce.stodes (s. ref. in F L I S S K K e t a l . 
198-2, .Atari-: an(J I 'ATJ 'AS l9s:S). fn tlie p resen t s t u d y t h e p o l y m o r p h i s m of m i c r o t r i e h e s 
iind the i r differential disi ributioii was inves t iga ted in matu re , •40 d a y s old E. granulosus 
1)V emplov ing scann ing electron ni icroscopy. 
. M a t e r i a l s a n d T e c h n i f[tl(^s 
.Adult /:'. (iranntoxiis were collected from c.xjii'riment.illy iiifc(ted jaippie.s a.s described by THOMF-
sox (1977). 'I'he dogs ^vej•e iid'eete<l onilly with (1.1 ml packed volumi! of protoseoleces originating 
from buflalo lung. 'I'he ivorms wrn- waslied gently with Hank's liidanced Salt Solution (HBSS) and 
fixed in -1"„ buffered glutaraldehyde {pW 1.2) at -1 C overnight. Subsequently, the worms were 
'.'>22 M. litsiiAiin.L.vii ct HI.: M\rii>invhc» O! Kchhiococcufi grdnuh.fu.i 
M a s h e d (:! • Ml j i i i r i (•li;in;^rs) ii\ r n l d (1,1 M - c a r . .ilylii t c In i f f iT ( / ( l l 7.-I) wi t l lDl l I , HIUTO.SO. ' J ' lu ' WdrillH 
wrrr ]>iist-fixc(l ill l",j iisiiiiiiiii ti'liaiixidc. in Milloiiiu's hiiffcr (p\\ 7.2) (or 3 h at 4''U uiid were Huh-
sc(|ucntlv tiMiis[tTii'il directly to 'I'l",, ethaiiol. Afti-i' delivdralion in gnuli-d scries of cthnnol, tlie 
specimens were transferred t.i) ]U0"„ aeetiine and ei'itieally tirit'd nsing liquid COj an the transitidnal 
fluid. The vornis were nuiunted (jn uluminiuni stubs usinw dni'iifi.x aiid coated with gold using the 
Polaron E ')(H)i) sputter eijatiiis; unit. Speeiuu'us were viewed at different resolutions using scanning 
electron microscope .leol Ho t'l'' at \'>:-') l\v. 
1"he eiitii'c .stiifaee of the scolcx luitl tlie iiitcfnal .surface of suckers is covered with 
den.sc microtriehes jziviiig it an appeai'aiice like a carpet or velvet (Fig. 1 and 2). At 
hijiher magnifications the.se surface structures are seen to l)e long and filamentous. They 
are tangled and intertwined in siune [)laces giving an appearance of adhering with each 
other (Fig. 3). Jn ccintriust, the microtriehes in tiie neck region and immature segment 
are thin hlade-like, utiiformly distributed tind slightly stouter a t the ])a.se (Fig. 4 and 7) 
a.s cotnpai'cd to tlie filaiiictitoiis ty[)e (Fig- o). .At the ititer|)roglottidal surface the tegu-
ment possesses deep infoldings lik-e ridges and furrows (Fig. .')), and is covered with 
thin l)larle-likc uii< rot riches (l''ig. li). 'i'he snifac(.' of tlu' matur(! and gravid segments 
are co\cred liy thick imi<lii'ect ional lilade-like microtriehes uiiich are wider at the base 
and tapering towards the tip (Fig. 8). 
The terminal end of tlu' gia\i(l segiiKMil has a siinihir infoldings a.s in the other inter-
])roglottidal sin'face (l''ig. '.•)• Ihis region at higher magnification show a mixed pattern 
of all types of mii-rotriclu's described al)o\c (l'"ig. lU). Further bulbous or club shaped 
endings WQVV also observed in some j)!aces on the microtriehes of mature and gravid 
segments (Fig. S). 
D i s c u s s i o n 
Jt Mas observed from the present study tliat E. (jrunulu.'ius jjossess morphologically 
more than two types of microtriehes mainly long-filamentous and blade-h'ke. The 
polyiiKM-phism in microtriehes has also been reiiorted ])reviousl3' by transmissiion and 
scanning electron microscopy of E. (jrunulo.suH and tetrathyridium of Mesocestoides 
ciirli (Jii.v and SMVTII lOiiii, 1071, '.I'IIOMI-SOX et al. 197il, 1982, VOGE et al. 1979). The 
differential distribution of different types of microtriehes in various regions of the body 
suggest that they are ])ossibly in\-olved in different physiological functions. 
The microtriehes in the scolex are generally long filamentous types which may 
provide cushioned base foi- the al)sor])tion of imtrients, as the anterior portion of tlio 
worm generally I'emainefi embedded iti the intestinal mucosa. Such close contact with 
the host tissue may also sugg(\st the functional role of the microtriehes in maintaining 
an effective host-parasite interface. .\ number- of workers ha\-e also suggested tha t the 
long filamentous microtriehes significantly amplify the siu'faee area for absorptive func-
tiiuis (S.MVTii I'.Mili, ,ln.\ aiul S.MvTii llHili, TIKI.MJ-SOX et al. 1980, 198-2, LuMSDKN et al. 
I'.i82). 
On the other hand lilailc-lilie mieroi rie'lu'S were notic(;d on the I'cst of the strobila. 
Jn blade-like microtiiclics, two types \-i/., thin and thick, were noticed and their distri-
bution were a.lso ciuifined in a specific' region. The thin blade-like microtriehes \vere 
predominantly jiresent in the neck and inter] roglottidal regions, wiiilo thick blade-like 
microtriehes were obser\-e(l on the geiu^'al surl'ac(> of the mature and gravid segment. 
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Fig. l--(i ScMiiiiing clfclrim inici'ogi'apii.s of adult L'chinococcus granulosus 
Fig. 1. Scole.x .-allowing inicrolriclics oii .sucker' at K)\v magnification. Scale bar = 10 [iin 
Fig. 2. Jntcnial .surface of .suckc/- Nhmiiiig luicrotriclics, note velvet or compet like appear-
ance. Scale l)ar = 1.0 ;j.in 
Fig. 3. Filamentous microtriches on the scole.x and sucker regions. Scale bar = 1.0 jim 
Fig. -1. Thin blade-like niicrotriclies on the neck region. Scale bar = 1.0 (im 
Fig. 5. Inter])roglottidal region showing ridge.s and furrows (arrow). Scale bar = 10 (jim 
Fig. (). Tliin blade-iike mierof riches at intci'iji-ogiottidal region. Furrows Can be seen 
(arrow), Scaii' bar - 1.0 |itii 
It is very difficult to as.sii;ii aii\- rlefinite function on the ba.sis of specific distribution 
and slia])e of thesis iiiici'otiiclies. lio\ve\'er, it can bo s\iggested that thin microtriches 
may be invol\-ed in sf)nie jjliysiological acti\-ity which induces proHferation and segment 
(IctachnuMit. It may lie pos.sihlc that in t hcsr two ]ihyHi()logically active zones the micro-
triches porc('iv(i cxtiiiisic stimuH contributed by the habitat for the proliferation or 
detachment. Siu'l'ace S(,'nsory endings and receptors have also been reported from many 
larval and adult hehninflis, particularly in I'J. finniuln.^ii'S,Cysticercus longicolis,Fasciola 
licpiilir/i and Cii/iivbifoli/li: (xjihiiintiim (.M()|;si:Tn I'.KiT, li.AltoN I'.jCiS, .DiXON and MKKCKK 
324 .M. lit,sM,iiirM..wi el. n)-: MicrotridioH of Echinococcwigranulosus 
Fig. 7--10. Scnniiiiif.' olcctroa micidL'raplis of adult, Echhiococcus granulosus 
l'"if.'. 7. Tliiii hliKlc-Hkr riiicTolnchcs on iminaluic segment.. Scale bur = 1.0 |xm 
Fig. 8. Mature segment, showini; tliiek hiade-like micfotriches nnd bulbous endings 
(arrow). Scale l)ar — 1.1) urn 
Fig. 9. I'erniinal end of graviii segment, showing ridges and furrows (arrow). Scale bar 
= 10.0 \im 
l''ig. 10. Mi.vcd pattern of miri-oti'ielies. Scale bar = 1.0 um 
M. lu.sllAiil)i.i.\ii ct. ul . : Microl riches of Er.hiitQCix-r.U'i [iidiiiiUinuK 3 2 5 
]no.">, DKNN <'t 111. l'.)S7). Sonic of these snifaee Mensory cndinga act as tangoreceptors. 
Jt is likely that a neiiiDSeeretoi'y ineeli/Hiisui intei'veues iji tlio process of proliferation 
oi- detachment with environnieiital cues. There is increasing evidence for the wide-
spi'uatl distribution of physiologically active neuropeptides in parasitic platyhelminthcs 
(FALKJIEU et al. ]98o, VVJKCHKN ct al. I!)86), although involvement of neuroi)eptides 
in the control of prolif(M'ation and segment detachment has yet to be demonstrated. 
Tliis hypothesis is fuither supported by the in vilro studies of Echinococcus sp. in whicli 
due to the lack of certain jihysiologica! requirements the worm developed into a mono-
zoic form (SMVTU 197.1, SMVTII and DAVIKS 1975). In cestodes there is no discrete 
structui'al i)artition between ;)i-oglottides (MEIILIIOKS et al. 1981), and hence the demar-
cation of each proglottid is purely an external ])henomenon caused by infoldings of the 
tegument. Therefore, it is po.s.sible that in this legion microtriches perceive the external 
stimuli leading to the localized muscle contraction which results in the detachment of 
a gravid segment. 
The distribution of thick blade-like microtriches on the general surface of mature 
and gravid segments .suggest a possible j'olc a.s ajicillary support to the worms or as 
physical guards against host inununocompotent cells (I^UJISDEN et al. 1982). They may 
a.inph'fy the inx surface of the tegument, since tei'minal and penultimate segments re-
main free in the lumen of the intestine and therefore absorb digested food. 
'I'lie thick blade-like microtriches appcai' to have flexil)le tips and only the base 
appears to be rigid in E. (iraiiuUisun, as also observed by TiioiNn'SON et al. (1982). The 
fic.vible tips possibly provide a crrshion and [iicvcnt the worms from any injury by the 
host intestinal pei'istaltic movements, and the I'igid base probably enables the worms 
to swee|) their absoi-[)tive siu-face apart fj-om the host surface and thus maintain a free 
flow of nutrients at the host-parasite interface. Similar views were also suggested for 
Pr<>l<<ir<i)liiiluii lid.sincllii (Tu(iMi'sf)N e( al. \W0). 1 (istochemical localization of phos-
])homonoesterases and cholinestei'ase in the outer' inernbr'ane of proximal and distal 
r-cgion of th(; mici'otn'ches of /fj/incno/cpfs cilclli have suggested that they are actively 
involved in transmembr-anosis (ROTIUIAX 19t)G). The other possible function assigned 
to these rnrcr'otrichcs is in irnmrrnological protection to the worms by preventing the 
contact of macr'ojihagr.'s (V'ocio et al. 1979). 
In the ])resent study t)irlbous or chib sha[)ed endings were observed a t the tip of 
the thick blade-like micr-otr'iches. Sirch ajjical bulbous endings have also been reported 
in ICgnvnulosufi, Dipkijlobolhriian. rkndrilicvm, tetrathyridium oi M.corti, metacestode 
of IJ. dimimUu and Tijloajiluduiii (TiioMrsoN et al. 1982, ANDERSON 1976, H E S S and 
GL'(;f;ENiu:i>r 1977, CUKLACKKK et ai. 1,970, PUFKIN et al. 1970). Further SOSA et al. 
(1977) have r'(;|)or-ted that th(; e.vt-er-nal sur-facr; of micr'oviUi in metacestode ofC.cellu-
loHtir, is cover-ed with a loose; fuzzy layer- of glycocaly.v, and the blebbing on the tip could 
be a mechanism for the release of glycocalyx material. Similar function can also be 
assigned to the brrlbotis structure! observed on the micr'otriches in the present s tudy. 
The continuorrs glycocaly.x tui'nover' in helminths is a mechanism for the protection 
against host immum'ty (IIANXA 1980). llouevc)', further studies are required to ascertain 
the functional role of jnicr'otr-iches drrring the devclojiment of the parasite. 
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RESEARCH NOTE 
BIOCHEMICAL CHANGES DURING THE DEVELOPMENT OF THE 
MIRACIDIUM OF GIGANTOCOTYLE EXPLANATUM 
P. KUAN, S. M. A. Amni, W. A. NIZAMI,* M. IRSIIADULLAH and M. AHMAD 
Section of Parasitology, ncparlnicnt oCZoology. Aligarh Muslim University, Aligarh-202 002, India 
(«r-<r/v<Y/: April W)\:acccph;l IH June 1991) 
Abstract—KUAN P., Amni S. M, A., NIZAMI W. A., IRSIIADULLAII M . and AHMAD M . 1991. Biochemical 
changes during the development of the niiracidium of (iiiicinu>c<iiylc cxplanalum. Inlernalional Journal for 
Para.'iiroloi^y 21: 731-734. .Analysis ol various biochemical components during the development of the 
niiracidium of (7. cxphiiuiium showed marked changes, particularly in glycogen, protein and DNA levels. 
'1 hough the total lipids remained more or less unchanged, alterations in the levels of cholesterol, 
triglycerides, free fatty acids, phospholipids and phospholipid fractions were also recorded. Such changes 
could be intrinsically programmed for the cellular ililTerentiation and organogenesis in larval 
amphistomes. 
INDEX KEY WORDS; GiywiiixitiyU' explanuium: biochemical composition; miracidial development. 
Tm-. difTcrent life-cycle stages of a helminth para- containing fully (Jcvelopcd miracidia (Em) showing 
site pass through a diversified physico-chemical brisk ciliary movements, were used on the 8th day 
environment in which morphologictil chtingcs lake post-incubation before hatching started, 
place accompanied by some biochemical variations The alkali soluble glycogen was extracted and 
(Barrett. 1981). Studies on the biochemical turnover estimated by the method of Roe & Dailey (1966) 
in larval helminths reveal that the endogenous re- using rabbit liver glycogen (Sigma, U.S.A.) as a 
serves are utilized during the development o\' sttindard. Protein, RNA and DNA were estimated 
mirticidia of /•'. hcpaiicii (llorsimann. 1962: Wilson. ticcording to the methods of Lowry, Rosebrough, 
1967). whereas very limited information is available l-;irr & Randall (1951), Dische (1935) and Giles & 
on other economically important partisites. In the .Vlycr (1965), respectively. 
present communication an attempt has been nitide to Total lipids were extracted according to the method 
investigate biochcmictil alterations during the course of Folch. Lees & Sloane Stanley (1957) as modified 
of (>M'»r(y de\'elopment of the niiracidium of a bilKir\' by .Vlisrti (1968), and estimated by the method of 
;imphistome. 6'/,I,'I'J/I/()IV.IM7('(•.v/)/(//i(//i(/;i. Zollncr & Krisch (1962). The total lipid fractions, 
The li\'er tiniphistomc. G. cxpliinnnon. was col- such ;is the free fatly acids, cholesterol and trigly-
lecicd from infected bulfaloes. slaiighiered at the ccrides, were estimated by the methods of Lowry & 
loctil abattoir. Adult worms were incubtited in Tinslcy (1976), Sacketl (1925) and Van Handel & 
Htmk's medium at .]7 ± 2°C for 6-S h and the eggs Zilversmil (1957), respectively. The phospholipids 
were collected from the incubation flask. A packed were determined by estimating the phosphorus fol-
volume of fresh eggs (Eo) showing the anteriorly lowing the method of Rouser, Fleischer & 
located ovum surrtiunded by the yolk cells (0.02 ttil Yamanioto (1970). 
containing approximaiely 20,000 eggs) w;is weighed The phospholipids were further fractionated by 
before being taken for the e.xirtiction and estimation a.scending thin layer chromatography (Skipski, Peterson 
o^ various biochemical components. The remaining & Barclay, 1964) using phospholipid standards consist-
eggs v\ere incubated for miracidial development in ing of lysophosphatidylcholine, phosphatidylcholine, 
tap-water at 28 ± 2°C, under natural light. The lysophosphatidylethanolamine, phosphatidylethanol-
dcvelopmental changes were checked microscopictilly amine and sphingomyelin obtained from the CSIR 
and water was changed daily. On the 4th day post- Centre for Biochemicals, India. Quantitation of 
incubation one batch of eggs (E4), showing well individual fractions was carried out as described 
differentiated germ balls of the developing embryo, elsewhere (Khan, Nizami, Ahmad & Abidi, 1990). 
was collected for the analysis o( biochemical com- The values of the biochemical compositions of 
ponents. The second batch of the incubated eggs, etich developmental stage were subjected to statistical 
analysis with respect to each other using the /-test 
and the levels of significance were determined as 
* To whom all correspondence should be addres.sed. described in Sokal & Rohlf (1981). 
731 
^^2 P K n A M 7 « / , 
TABLF I —BiociiiMii M (oMi'OsiiioN 1)1 iRiNd IIII 1)1 V11 oi'M KNI ()!• I 111-; MIRACIDIUMOF G. explanolum 
Dc'VL'lopmcnIal stages Cilycogcn' 
lluicliciiiical Lompciiicnls (mg g I'rcsh weight ') 
Protein* LipidJ RNAf DNA* 
Fresh eggs (To) 127,5 1 3,3N 2')A 1 (1.V5 4.6 i (1.24 6.6 ± 0.89 1.2 ± 0 . 0 4 
f-ggs with 4-dav-(t|d 
embryo (r.4) ' .Vv4 i ,V2"i 26,(1 1 (I.S2 .1.S J [)\\ 6.5 ± 0 . 8 1 1.9 ± 0 . 2 4 
F:ggs eonlaining lull) 
developed miraeidia'(Hm) 22.1 ±1.(16 19.4 + 0.96 4.1 ±0.7 .1 5.6 ± 0.55 1.8 ± 0 . 2 9 
.Ml willies are a mean ofsi.); replicates i. s i- M 
* Statistically highly sigiiilicani changes from h.o to F.m (/' < 0.001); t signilieanl (/ ' < 0.05) and { insignificant 
changes (/ ' < (J.4(X)). 
TABLE 2—Lii'in i RACTIONS DURING TH[;ni-M;Loi'MI;NTOI-Tin; MIRACIDIUM OP Gigantocolyleexplanalum 
Lipid fractions* 
Developmental stages 
Fresh egg.s Egg.s with 4-day Eggs with fully 
(Eo) old embryo developed 
(E4) miracidia 
(EM) 
Major lipid fraclions 
Triglycerides 
Cholesterol 
Phospholipid 
Free fatty acids 
PliDspholipid fraclions 
Lysophosphatidylcholine 
Phosphatidylcholine 
Lysophosphatidylethanolamine 
Phospha tidy let hanola mine 
Sphingomyelin 
Unknown 
2.0 ± 0.01 
1.60 ± 0.02 
0.55 ± 0.00 
1.02 ± 0.02 
0.06 ± 0.00 
0.09 ± 0.00 
0.06 ± 0.01 
0.F5 t 0.01 
0.10 1 OOI 
0.11 ± 0.01 
1.61 ± 0.02 
0.92 ± 0.01 
0.31 ± 0.01 
0.81 ± 0.02 
0.62 ± 0.01 
0.07 ± 0.01 
0.06 ± 0.00 
0.06 ± 0.00 
0.06 ± 0.01 
0.09 ± 0.00 
1.33 ± 0.02 
0.63 ± 0,00 
0.43 ± 0.01 
1.32 ± 0.03 
0.05 ± 0.00 
0.05 ± 0.01 
0.08 ± 0.00 
0,08 ± 0.01 
0.07 ± 0.01 
0.13 ± 0.01 
• mg g wet weight ' ± s i .M 
The fresh eggs (Eo), 4-day-old embryos (E4) and 
fully developed miracidia (Em) of G. explanalum 
showed pronounced variation in their biochemical 
composition and the diflcrences were found to be 
statistically significant (Table 1). 
Among the various components the levels of gly-
cogen and protein decreased significantly from Eo to 
Em (Table 1), while the total lipid decreased from Eo 
to E4 and thereafter its level increased slightly, but 
the diifercnccs between Eo and Em were found to be 
statistically insignificant. No pronounced change was 
observed in RNA content from the Eo to E4 stage 
but a decrease in RNA level was recorded in the Em 
stage as compared to the E4 stage. The DNA level 
was found to increase up to the 4th day of miracidial 
development and thereafter the level remained more 
or less constant. It is evident that the concentrations 
of biochemical components were altered, owing to 
the cellular differentiation and organogenesis during 
the miracidial development. 
Among the major lipid fractions, triglycerides and 
cholesterol continued to decrease from Eo to Em, 
whereas the levels of phospholipids and free fatty 
acids following a decline in the E4 stage, increased 
appreciably in the Em stage, indicating the buildup 
of these components in the miracidium (Table 2). 
Further analysis of phospholipids by TLC 
revealed the differential concentration of various 
phospholipid fractions in the three stages under 
study (Table 2). Besides appreciable quantities 
of phosphalidylcholine, phosphatidylethanoiamine, 
lysophosphatidylcholine, lysophosphatidylethanol-
amine and sphingomyelin, some unknown fractions 
of phospholipid were also present. Along with the 
lluctuations in the level of each phospholipid frac-
tion, the level of unknown fractions was also altered 
during the development of the miracidia. 
The biochemical changes during the development 
of the miracidiuiTi of G. explanalum reflect the pre-
ponderance of anabolic and catabolic processes 
which indicate that the different biochemical 
fractions remain in a dynamic state. 
The presence of a large amount of glycogen and 
protein reserves in the fresh eggs and the decline in 
their levels during the subsequent development 
clearly indicate that these components are being 
actively utilized for somatic differentiation of the 
niiraciditi. llorslmann (1962) and Wilson (1967) have 
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also reported a declip.c in llic glycogen level and 
oxygen consumption during the ilevelopment of /•'. 
hcpaiica miracidia. Marginal decrease in the energy 
reserves during the later phase of niiracidial de-
velopment reflects a slow rate of metabolism. It is 
possible that glycogcnolysis could be operative to 
meet the energy requirements during the develop-
ment of G'. explanatum miracidia. 
During the early cleavage, the developing embryo 
requires different protein precursors for diversified 
metabolic processes. The developing miracidia may 
not only ulili/x the free pool of amino acids but also 
the protein reserves. Howe\er, the keratin type egg-
shel! protein of G. explanatum (Arfin & Nizami, 
1986) may remain constant while tissue proteins are 
utilized as also reported by Wilson (1967) for /". 
hcpaiica miracidia. It has been emphasized that the 
proteins synthesized under the control of maternal 
genes are gradually replaced dining tlcvelopment by 
protein synthesized under the control- of embryo 
genes (Khrushchov, 1981). 
The slighi decrease in RNA and an appreciable 
increase in ONA from the Eo to Eni stage suggest 
that l^N.^-dependent RNA synthesis may not be 
involved which has also been suggested for mol-
luscan eggs by Moscona & Monroy (1966). The 
decline in RNA level could be due to its breakdown 
in G. explanatum miracidia. The substantial increase 
in DNA level frorn Eo to E4 could be due to cellular 
proliferation and thereafter the insignificant dif-
ference between the E4 and fully developed miracidia 
indicates that DNA synthesis ceases during the later 
phase of development. Little is known about the tic 
nova synthesis and the end products of nucleic acid 
metabolism during the development of larval stages 
of helminths. 
The levels of total lipids in the miracidia of G. 
explanatum remain more or less constant. In the 
developing miracidia, lipids arc possibly being stored 
for utilization in the subsequent stages of the life 
cycle. The major lipid fraction in G. explanatum eggs 
was triglycerides followed by ch.olesterol, free fatty 
acids and phospholipids. Suiiilar results have also 
been reported for Lcucochlnritlianunpha constantiae 
(Fried & Pucci, 1976). In the present study the 
gradual decline in triglycerides from the Eo to Em 
stage reflects the utilization of these compounds for 
cellular differentiation and growth. Fairbairn (1955) 
and Barrett (1969) have also reported the utilization 
of eslerified fatty acids and triacylglycerol for energy 
release during the embryonalion of Ascaris eggs 
However, in developing Ascaris eggs the depletion of 
triglycerides leading to CO, production indicates the 
occurrence of a /5-oxidalion cycle (Passey & 
F^airbairn, 1957) which may also be operative in the 
eggs of G. explanatum. 
Higher levels of free fatty acids in the Em stage 
suggest a biochemical adaptation of the miracidia of 
G. explanatum for the free living phase, as fatty acids 
provide more metabolic water upon o.Kidation than 
other metabolic fuels (Murray, Granner, Mayes & 
Rodwell, 1988). High concentrations of free fatly 
acids have also been reported from a number of 
nematode larvae (Barrett, 1968). The decline in the 
level of cholesterol and phospholipids from Eo to 
Ein clearly indicates their involvement in molecular 
reorganization and metabolism. Although helminths 
are known to synthesize different phospholipid clas-
ses, information about their turnover is very limited 
in the larval stages (Barrett, 1981). Among the various 
phospholipid fractions, phosphatidylethanolamine, 
lysophosphatidylethanolamine, sphingomyelin and the 
unknown fractions constituted the major component 
in G. explanatum miracidia. 
It can be concluded that the compositional vari-
ations in the developing miracidia of G. explanatum 
could be a biochemical adaptation to meet the meta-
bolic requirements as well as the physico-chemical 
conditions of the environment. 
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Development of protoscoleces of Echinococcus 
granulosus from buffalo liver and lung cysts in dogs 
M. IRSHADULLAH and W. A. NIZAMI* 
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Aligarh - 202002, India 
(Received 25 August, 1992) 
Abstract: In Nortiiern India, the buffalo is thie principal intermediate host for 
the larval multiplication oiEchinococcus^arudosus, and mainly the buffalo /dog 
cycle is operative for the perpetuation of the parasite's life cycle. The develop-
ment of protoscoleces from buffalo liver and lung cysts was compared in dogs. 
The segmentation and maturation rate of protoscoleces of liver origin was 
found to be retarded as compared to those of lung origin. It is emphasized that 
physiological, nutritional or metabolic differences may exist between parasite 
material from lung and liver. Possibly these differences are either habitat in-
duced or due to strain variation. 
Key words: Echinococcus granulosus, protoscoleces from liver and lung, 
developmental biology, strain differences, dog, buffalo 
INTRODUCTION 
In recent years, a number of intraspecific variants or strains of Echinococcus 
granulosus have been reported from various vertebrate hosts of different geographical 
regions (see ref. in Thompson 1986, Thompson and Lymbery 1990). Intraspecific 
variants or strains had earlier been recognized on morphological grounds (Williams 
and Sweatman 1963), while during the past decade they were characterized by in vitro 
and in vivo development, isozyme profile, biochemical and metabolic differences and, 
more recently, by DNA probes (see ref. in Thompson 1988, Thompson and AIlsopp 
1988, Thompson and Lymbery 1988, Eckert and Thompson 1988, McManus and Rishi 
1989). 
Strain characterization is particularly significant for the development of an 
effective control programme for a zoonotic disease, since various strains show differ-
* To whom all correspondence should be addressed 
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ences in their infectivity to domestic animals and, possibly, to man (Thompson 1986, 
Thompson et al. 1987). It was suggested that the British sheep strain was infective to 
man, while the horse strain was probably non-infective, although no definite reason 
for such differences was given (TTiompson and Smyth 1976). 
In Northern India, the incidence of hydatidosis in man and livestock has been 
studied, and the buffalo has been found to be the most common intermediate host 
(Irshadullah et al. 1989a,b). Differences in incidence, fertility and viability rate were 
also noticed between cysts derived from buffalo liver and lung, but no definite reasons 
were given for such disparities. Therefore, the presents study was undertaken to 
investigate similarities and dissimilarities of protoscoleces from buffalo liver and lung 
cysts by comparing their developmental pattern in experimental puppies. 
MATERIALS AND METHODS 
Collection of protoscoleces. 
Protoscoleces of £. granulosus were isolated from fertile liver and lung hydatid 
cysts from naturally infected Indian water buffalo, Bubalus bubalis, as described by 
Smyth and Davies (1974). The mean viability of protoscoleces was determined by the 
eosin exclusion test and flame cell activity. 
Experimental design 
The experimental design as shown in Tible 1 was essentially the same as described 
by Thompson (1977) for the characterization of British horse and sheep strains. There 
were 10 groups of experimental puppies: five received protoscoleces of lung and the 
other five were infected with protoscoleces of liver origin. Puppies in each group were 
10-12 weeks old and preferably of the same litter. They were kept on a controlled diet. 
Each experimental animal was starved for 18 h before oral infection with a gelatin 
capsule containing 0.1 ml packed volume of protoscoleces (approximately 28,000). In 
order to find out the effect of viability on worm recovery, protoscoleces of different 
viability (65-96 %) were used. In total, forty-six puppies were infected experimentally 
and were autopsied at various intervals starting from the 5th day post infection (p.i). 
Autopsy and worm recovery 
Infected puppies were starved for 12 h prior to autopsy and euthanatized with an 
intravenous injection of pentabarbital sodium (Veterinary Drug Co. PLC, U.K.) at a 
dose of 1 ml/2.5 kg body weight. All measurements and maturation studies were carried 
out on material fixed in 10 % neutral buffered formalin and stained in acidified 
Gower's carmine. Maximum care was taken in handling the gravid worms, as formalin 
has been reported to be ineffective in killing the eggs (Hercus et al. 1962). 
lb study the growth, segmentation and maturation, about 200 worms recovered 
at different intervals were examined in each case. The maximum number of worms 
showing a particular stage of development and increase in length with respect to time 
interval were used for line drawing. 
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RESULTS 
Dog susceptibility 
Puppies were found susceptible to protoscoleces isolated from the liver and lung 
cysts of buffalo. Only 2 out of 46 puppies were negative at autopsy (Tkble 1). Following 
autopsy, the intestines were examined and mucosal damage was seen particularly in 
the anterior part. In both sets of experiments, worms were found embedded in the 
Liberkiihn's crypts and increased cellular infiltration was observed at the site of 
attachment. 
Protoscolex viability and worm recovery. 
It is evident from Tible 1 that viability of the protoscoleces has a direct influence 
on worm recovery. The maximum number of worms (> 1000) was recovered when the 
viability of protoscoleces was 90-96 %. 
Table 1 
Total worm recovery from the experimental infection of dogs with protoscoleces of 
buffalo liver and lung origin 
Infection with liver protoscoleces 
Group No.ofdogs 
infected 
1 5 
2 3 
3 4 
4 2 
5 9 
Viability of 
protoscoleces 
used% 
70 
65 
90 
90 
96 
Day of 
autopsy 
12 
16 
20 
28 
32 
12 
16 
20 
05 
20 
24 
28 
36 
40 
12 
16 
20 
24 
28 
32 
36 
40 
42 
No.of worms 
reccMered 
200 
620 
450 
300 
500 
250 
Negative 
350 
800 
900 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
Group 
1 
2 
3 
4 
5 
Infection with lung protoscoleces 
No.of dogs Viability of 
infected protosooleoes 
used % 
5 
3 
4 
2 
9 
70 
65 
90 
90 
96 
Day of 
autopsy 
12 
16 
20 
24 
28 
24 
28 
32 
05 
12 
20 
36 
40 
42 
12 
16 
20 
24 
28 
32 
36 
40 
42 
Naofwonns 
recwered 
Negative 
450 
400 
350 
200 
150 
125 
300 
610 
700 
>1000 
750 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
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Growth 
Growth as determined by the total worm length showed a linear increase 
throughout the 42-day infection period and both isolates followed an almost identical 
growth curve with minor differences (Fig.l A,B). Complete evagination of protoscoleces 
and disappearance of calcareous corpuscles took place within 5 days in both isolates. 
Segmentation and maturation. 
The results obtained for the rate of segmentation and maturation of developing 
worms is shown in Fig. 2. No segmentation was noticed up to 12 days p.i. in either 
isolate. The constriction for 1st banding was noticed in 90 % of 16-day-old worms in 
both isolates. The worms at that stage can be easily recognized as they have a clear 
constriction area in the region where the partition separates the 1st segment from the 
scolex (Fig.l A,B). After that stage, some differences were observed in the rate of 
segmentation and maturation in the developing worms of the two isolates. The main 
differences in segmentation and maturation were observed in 20- and 40-day-old 
24 28 
DAYS 
Fig. 1. Rate of growth, segmentation and maturation of£. granulosus in dogs infected 
with protoscoleces of buffalo liver (A) and lung (B) origin. - Ps: protoscolex, ba: band-
ing, gr: genital rudiment, t: testes, c: cirrus sac, g: genital pore, o: ovary, v: vitelline 
gland, u: uterus, uc: uterus cells, use: unsheiled eggs, gs: gravid segment, se; shelled eggs 
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worms. On the 20th day, most of the worms of lung origin had fully developed 
reproductive organs, while in the worms of liver origin the reproductive organs were 
not fully developed. The worms of lung origin were gravid on the 40th day, while the 
worms of liver origin attained this stage on the 42nd day p.i. (Fig.l A,B). 
100, 
% 
90-
sa 
7a 
60. 
50-
4a 
3a 
20. 
la 
0 
IV V 
Stages 
VI VII VlII 
Fig. 2. Rate of segmentation and maturation of£. granulosus in dogs, infected 
with protoscoleces of buffalo liver and lung origin. The percentage of worms 
(liver and lung origin) at the most developed or mature stage attained at various 
time intervals are shown and compared (Stages -1: Protoscoleces, II: 1st Band-
ing , III: 2nd Proglottid, IV: 3rd Proglottid, V: Tfestes and ovaries, VI: Uterus 
cells, VII: Unshelled eggs, VIII: Shelled eggs) 
DISCUSSION 
It is evident from the results that dogs are susceptible to protoscoleces originating 
from buffalo liver and lung cysts. Thus, the increased prevalence of buffalo hydatidosis 
may be due to a buffalo/dog cycle in this part of the country, and it may also be 
responsible for human hydatidosis due to the prevailing socio-economic conditions 
and the association of dogs with the human population (IrshaduUah et al. 1989a,b). 
Some differences have been noted between protoscoleces derived from buffalo 
liver cysts and those originating from lung cysts in their pattern of development into 
the adult stage in dogs. The differences observed in growth rate between the two 
isolates may have been due to individual host variation as was also reported for the 
British horse and sheep strains (Thompson 1977). 
As far as the rate of segmentation and appearance of genitalia is concerned, only 
the results obtained for protoscoleces of lung origin are in agreement with those 
reported by Gill and Rao (1967) for buffalo/dog material, whereas they are contrary 
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to the results obtained by Pandey (1972) for the parasite of goat/dog origin. Unfor-
tunately, the location of cysts was not mentioned in either of the above two studies. It 
is quite surprising that in the region where these studies were carried out, there is no 
rigid ecological/geographical segregation through any barrier or quarantine restric-
tion. The frequent interstate movement of animals and the use of common grazing 
land are common practices of animal farmers. Therefore, such differences may be due 
to the greater variability and biotic potential of £. granulosus combined with the effect 
of host species. 
The results of the present study on the prepatent period do not agree with 
previous reports from India (Gill and Rao 1967, Pandey 1972) as well as from other 
geographical regions (Thompson et al. 1984). Generally the gravid segment has been 
reported to appear between 40-48 days p.i. (Gemmel 1962, Smyth et al. 1967), but 
recent studies on the in vivo and in vitro development of different strains of E. 
granulosus demonstrate considerable variability in the onset of egg production (Ku-
maratilake et al. 1983, Thompson et al. 1984). 
In similar type of study, Thompson (1977) established the occurrence of British 
horse and sheep strains by investigating the differences existing in the developmental 
pattern of protoscoleces in dogs. The horse strain was found to lag behind the sheep 
strain and took two days longer to produce eggs. Similarly, the present study has shown 
that the liver isolate has a slower rate of development and takes two days longer to 
produce eggs than the lung isolate. 
The foregoing discussion indicates that liver and lung materials of buffalo origin 
differ from each other as well as from other strains reported from different geographi-
cal regions. On the basis of differences observed in the developmental pattern and also 
in biochemical composition (Irshadullah et al. in preparation), it is suggested that 
these variations are either habitat induced or due to two distinct biological variants, 
as genetically different protoscoleces have also been reported from different cysts of 
the same host (Lymbery and Thompson 1989). 
The term "strain" is now commonly accepted when referring to intraspecific 
variants of uncertain taxonomic status. It is possible that such differences develop in 
E. granulosus due to self-fertilization and clonal proliferation in a particular habitat. 
In a recent study, on the basis of cross-transmission experiments Cook (1989) sug-
gested that there in only one form ofE. granulosus in the U.K. This idea has, however, 
been contradicted by some workers (McManus et al. 1989, Lymbery and Thompson 
1989) and it was suggested that the results of cross-transmissions do not overshadow 
the possibility, reported previously on various grounds, that different strains may exist. 
Thus, on the basis of just one parameter it is difficult to accept or reject the existence 
of different strains and, therefore, further studies are certainly required on strain 
characterization using the criteria suggested by Thompson and Lymbery (1988). On 
the basis of above discussion it is emphasized that the variability existing in the onset 
of egg production bears enormous significance in formulating an effective drug 
treatment programme. 
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Irshaduilah M. ^s Nizami W. A.: Bivaly-majbol ^s tiidobol szarmazo Echinococcus 
granubsus protoskolexek fejiddese kutyakban 
A szerz(3k 6szak-indiai bivalyok mdjdb616s tudejdbdl izol^ lt fertilis E. granulosus h61yagokb61 2 
csoport (23 - 23 egyed) kOlyOkkuty^ t fert&tek egyenkdnt 1000 -1000 i^ rv^val. A protoskolexek 
65-96 %-a dletkdpes volt, csak k6t kutySban (4 %) nem indultak fejl(3d6snek a fdrgek. A klsdrlet 
12-42. napja kOzOtt feiboncolt gazda l^latokban a f6rgek fejl(5d6s6nek Qteme a tQd(3b(3t izol^ lt 
h61yagf6rgek eset6ben gyorsabb volt, mint a mdjb61 szdrmaz(3k6. A szerzfik a jelens6g okak6nt 
tdpl^ l6kfelv6teli, metabolikus, esetleg genetikai kOlOnbsdget feltdteleznek. 
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